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ABSTRACT 
NEW ENGLAND TERRESTRIAL SETTLEMENT IN A SUBMERGED CONTEXT: 
MOVING PRE-CONTACT ARCHAEOLOGY INTO THE TWENTY FIRST 
CENTURY 
 
May 2010 
 
KERRY J. LYNCH, B.A., UNIVERSITY OF MASSACHUSETTS AMHERST 
 
M.A., UNIVERSITY OF MASSACHUSETTS AMHERST 
 
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST 
 
Directed by: Professor Elizabeth S. Chilton 
 
  
Human occupation of the New England region of North America during the early 
Holocene has long been established archaeologically.  However, the data exists almost 
solely from terrestrial sites.  Vast portions of aerial land once available to early occupants 
of the area for resource procurement and living surfaces are now submerged.  Underwater 
pre-Contact resources embedded in these submerged landforms will undeniably 
contribute to a holistic understanding of New England’s cultural history.  Examination of 
current archaeological procedures reveal that the archaeological standards, practices, and 
theories commonly employed in terrestrial archaeology are largely not being extended 
past the coastline into the underwater environment.  This is due, in part, to the past 
history of professional skepticism regarding the preservation and accessibility of 
terrestrial archaeological deposits post-Holocene sea level rise.  A report of global, 
submerged, terrestrial archaeology projects that show submerged, intact resources 
challenge this skepticism.  A detailed review of an underwater survey in Boston Harbor, 
designed to predict, locate, and investigate submerged pre-Contact sites, is used as a case 
 vii 
study to argue that these resources deserve the same rigorous study as terrestrial 
archaeological resources.  Post-glacial deposition may act as an agent of preservation in 
New England waters, and past concerns of transgressive erosion are discussed in light of 
current geophysical research.  Recommendations of how and why submerged pre-Contact 
archaeological resources should become commonplace within archaeological inquiry are 
supported by advances in technology, increased geophysical survey of the marine 
environment and knowledge of the prevailing laws governing archaeological resources 
underwater. 
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CHAPTER 1 
 
TERRESTRIAL SETTLEMENT IN A SUBMERGED CONTEXT 
Introduction 
Human occupation of the New England region of North America during the early 
Holocene has long been established archaeologically.  However, the data exists almost 
solely from terrestrial sites, which have been observed and collected since Europeans first 
began to explore and colonize the region in the seventeenth century.  Underwater 
resources remain untapped and understudied.  Vast portions of aerial land once available 
to early occupants of the area for resource procurement and living surfaces are now 
submerged.  Gradual sea level rise, a result of the retreat northward of the Laurentide ice 
sheet, has covered and partly destroyed/obstructed this landscape with both water and 
sediment.  The potential for undisturbed paleo surfaces with intact evidence of human 
occupation exists on submerged landforms.  Underwater pre-Contact resources embedded 
in these submerged landforms will undeniably contribute to academic and research-
driven projects and debates as well as mandated, cultural resource management (CRM) 
projects.  Pre-Contact resources are comprised of Native American archaeological 
deposits that include artifacts and features embedded in buried and submerged sediments.    
Examination of current archaeological procedures reveal that the archaeological 
standards, practices, and theories commonly employed in terrestrial archaeology are 
largely not being extended past the coastline into the underwater environment.  
Underwater resources are being overlooked as important to the archaeological record and, 
hence, to our holistic understanding of New England’s past human occupation.  Much 
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archaeological literature acknowledges the fact that now submerged land was aerially 
exposed and utilized during the early Holocene.  Yet the authors view submerged land 
with skepticism and ambiguity when considering the feasibility of discovering 
archaeological sites in a drowned context.    In this dissertation I show the feasibility of 
discovering submerged sites by demonstrating how underwater pre-contact resources can 
and should be evaluated at many levels of archaeological inquiry.  By doing so I present a 
catalog of best practices for New England archaeology as a whole.  From this point 
forward when I use the term “submerged resources,” I specifically mean underwater, pre-
Contact, archaeological deposits.   
The skepticism surrounding the accessibility and presence of submerged 
resources is presented, critiqued, and overcome in this dissertation.  A CRM submerged 
resources study in Boston Harbor is used as a case study to assess what works and what 
needs to be improved when surveying for submerged resources.  Recommendations are 
made regarding collaboration with industry, geophysical survey, and the military in order 
to assure that submerged resources are considered in a manner that is cost effective and 
mutually beneficial.  These recommendations take into account the fact that these 
resources are protected under law, although many areas of the underwater environment 
have been disturbed by development without taking them into consideration.   
Professional archaeologists and developers are equally to blame for ignorance of this 
body of law.  
Background 
The dearth of archaeological information from offshore sites impacts all 
archaeological knowledge of New England.  Proposed reasons for why these resources 
  3
are understudied are a complex web of factors that include the lack of researchers, cost, 
unfamiliarity with available technology, extremely perplexing laws, and skepticism that 
intact submerged sites exist.  While some facets of these are legitimate concerns to be 
engaged in, others are problems of perception from inside the profession and from 
without.    
Dr Michael Faught, an American archaeologist, has pinpointed one of the 
underlying issues forming the basis of the paucity of underwater pre-Contact research: 
“There is a robust interest in and practice of finding and managing historic shipwrecks in 
the cultural resource management community.  The failure to consider submerged 
prehistoric sites is due in part to the historic lack of a formal academic discipline of this 
kind of study and the lack of experienced researchers and consultants” (Faught 
2003:115).   
Underwater pre-Contact resources are currently understudied in both academia 
and CRM.  The dearth of archaeological inquiry into submerged resources in academia 
contributes to the scarcity of students and graduates of archaeological programs to be 
trained or interested in these resources.   This scarcity of qualified graduates is reflected 
in a lack of CRM professionals able to include such inquiry in project proposals to 
clients.  Conversely, by not considering the possibility of submerged resources when 
designing underwater proposals, most CRM organizations do not require personnel 
trained in academia to undertake such research.  Most CRM organizations with an 
underwater division are staffed by archaeologists trained in the particulars of ship 
construction and historic waterfront development (wharves, etc.).  This perpetuates a 
cycle of leaving submerged resources understudied.   
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The fact that vast tracts of the continental shelf along New England’s coast and its 
estuarine and riverine environments inland were inundated over time is not news--nor is 
the knowledge that human activity once took place on this land.  What has hampered 
study of the underwater environment is the historic, professional skepticism, and at times 
certainty, that underwater pre-contact archaeological resources were either entirely 
removed by transgression or simply impossible to study because they were underwater.  
While underwater sites are, indeed, challenging to uncover, and while many sites have 
been either disturbed, deeply buried, or redeposited, in this dissertation I demonstrate that 
submerged resources do exist, they are accessible, archaeologists are under an ethical and 
legal obligation to look for them, and I provide recommendations on how to do so.  
A quick review of the archaeological literature pertaining to underwater, pre-
Contact research provides the jumping off point for an analysis of this type of research in 
New England.  In 1983 an edited volume was published following a symposium held in 
1981 at the Scripps Institution of Oceanography (UC San Diego).  It is entitled 
Quaternary Coastlines and Marine Archaeology (Masters and Flemming 1983).  The 
participants at this symposium gathered to assess the probability of, and evidence for, 
submerged resources.  They acknowledged that; “The present body of knowledge and 
experience, known until now to small groups of people scattered throughout many 
countries, is sufficient to comprise a new, coherent field of scientific endeavour: the 
prehistory of the continental shelves (Masters and Fleming 1983:xi).  At this time, in the 
early 1980s, most recorded, underwater pre-Contact finds worldwide were by fisherman, 
industry or sport divers and were primarily found by chance.   
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Recorded evidence of fisherman netting artifacts and extinct megafauna on the 
continental shelf dates back to the nineteenth century.  The availability and growing 
popularity of SCUBA (self contained underwater breathing apparatus) has increased the 
number of chance finds by non-archaeologists beginning in the latter half of the twentieth 
century.  The handful of professional, systematic surveys and examinations of submerged 
resources, however, dates only to the 1980s.  The only project in the United States by 
1983, published in the Masters and Flemming volume, was a cataloging project in 
southern California where professional archaeologists assessed amateur finds and, as a 
result, recorded over 30 submerged sites in the San Diego area.  The few research 
projects done in the 1960s and 1970s were from outside the United States.  
A later volume on the subject was published in 1991; entitled Paleoshorelines and 
Prehistory: An Investigation of Method (Johnson and Stright 1991).  The purpose of this 
volume was to underscore the importance of understanding paleo shorelines and sea-level 
changes during the human occupation of the western hemisphere.  The bulk of the 
volume dealt with terrestrial archaeological sites but two chapters were devoted to 
underwater pre-Contact research.  The location for both these chapters was the Gulf of 
Mexico.  The first chapter reported on geophysical survey done in the Gulf that mapped 
paleo land features that held the potential for human occupation during aerial exposure.  
The second reported on a systematic, underwater survey off the northwest coast of 
Florida during the late 1980s that successfully located submerged resources.  This 
offshore project, along with another Florida project in an inland, karst, freshwater 
sinkhole, are the earliest published accounts found of intact, underwater, pre-Contact 
resources being investigated by professional archaeologists in the U.S.  Therefore the 
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decade of the 1980s can be considered the dawn of American action regarding submerged 
resources.    
   A more comprehensive view of published projects that demonstrate the presence 
and importance of submerged resources, both inside and outside the U.S., is presented in 
a later chapter.  Of note here, however, is the fact that with the exception of Florida, 
investigations into submerged resources in North America have been within the last 10 
years and are still few in number.  In contrast, European prehistoric projects were 
presented in a 2004 volume entitled Submarine prehistoric archaeology of the North Sea 
(Flemming 2004).  Many of these revealed in situ archaeological deposits with excellent 
preservation.  These successes join other Eurasian sites that have proven intact, 
submerged resources exist and can survive marine transgression (Flemming 1983; 
Gifford 1983; Larsson 1983; Raban 1983; Wreschner 1983).   
 These published accounts, while few in number, are in direct opposition to the 
published skepticism regarding submerged resources.  Jordan, in a report on “Factors 
Affecting New England Archaeology” in 1975 comments that “An additional 
consequence of glaciation is that the post-glacial marine incursion has inundated vast 
areas of the shoreline, and destroyed or rendered inaccessible all of the earlier part of the 
coastal archaeological record” (Jordan 1975).  More ambiguous, yet more recent, is 
Erlandson’s work on aquatic resources, maritime adaptation, and seafaring on human 
evolution.  In his excellent article The Archaeology of Aquatic Adaptations: Paradigms 
for a New Millennium (Erlandson 2001) Erlandson summarizes an argument that the use 
of extant lacustrine and riverine sites for evidence of maritime resource adaptation may 
offset the “loss of early coastal sites” (Erlandson 2001) due to sea-level rise.  Throughout 
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most of the lengthy article the impression is that submerged evidence is lost.  Only at the 
end does Erlandson suggest that the solution is to examine submerged sites and points out 
that very little work of this nature exists.  He then cautions that this is easier said than 
done and, due to transgression, most sites will have been destroyed; while he then 
acknowledges that impressive numbers of sites have recently been found worldwide and 
those numbers are growing. 
Objectives 
 The objectives of this dissertation are: (1) to overcome the myth, both 
professional and otherwise, that submerged pre-Contact archaeological deposits do not 
exist or are inaccessible; (2) to present predictive modeling strategies and methodologies, 
including pre and post-survey tests, that can be used to locate and record submerged pre-
Contact deposits; (3) to provide a legal and practical toolkit for archaeologists to use in 
planning for and managing submerged, pre-Contact resources. 
 In order to critique the skepticism surrounding submerged resources I present 
literature that spells out this skepticism and that has led archaeologists to believe 
searching for pre-Contact sites underwater is fruitless.  Doing so provides a background 
to the problem of submerged resources being untapped and understudied.  I then review 
literature written by authors who acknowledge and scrutinize the problem of untapped 
submerged resources.  Finally, I present cases from around the globe that prove 
submerged resources exist and can be studied under controlled circumstances.  This body 
of literature is small, since underwater prehistoric research is rare, and the review will 
provide a clear backdrop to my presentation of methodology and recommendations 
appropriate to New England. 
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 Most of the published reports of inundated archaeological sites are from outside 
of the U.S. and many are in regions that were not glaciated in the past.  One of the 
objectives of this dissertation is to present methodology appropriate for survey and 
detection of submerged resources in New England.  This entails a discussion on the 
deposition and erosion of glacial sediments and eustatic and isostatic rebound in the 
region of New England.  Localized applications of geophysical models of sediment 
transport are outlined as they apply to the New England coast and inland waters.  I show 
how analysis of localized paleoenvironments in New England dictate the use of specific 
archaeological methodologies.  I present these methodologies and make 
recommendations for their use as a means of showing that submerged resources are 
accessible.  
Methods 
 Data and results from a pre-Contact underwater survey in Boston Harbor are used 
to assess what works, and what needs to be improved upon when surveying for 
submerged resources in New England.  One of the components of the Boston Harbor 
project was to conduct magnetic susceptibility tests on vibratory cores used to probe for 
intact paleo land surfaces under marine sediments.  I hypothesize that testing the 
magnetic susceptibility of sediment cores may indicate anthropogenic disturbances that 
would be visually undetectable.  These anthropogenic layers may serve as proxy data to 
indicate paleo land use and archaeological sites nearby.  An example of proxy data would 
be evidence of burning, such as visually imperceptible charcoal, charred vegetation, or 
heated sediment that may represent anthropogenic changes to the land.  These indicators 
may not be in direct association with artifacts but may be a sign of an archaeological 
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deposit in close proximity.  This case study provides verification that balanced predictive 
models and methodology can be applied to New England’s underwater environment, one 
of the objectives of this dissertation. 
The military has developed equipment for non-archaeological applications that 
can be useful in surveying the underwater environment for submerged resources.  
Technology I witnessed during participation in a collaboration between the Office of 
Naval Research and archaeologists in 2008 is examined.   During this event autonomous 
underwater vehicles, mounted with newly developed technology designed to search for, 
identify and neutralize mines, surveyed portions of Narragansett Bay, Rhode Island.  
These technologies included the ability to survey large areas in relatively little time.  
Many sonar images returned were better than optical images (considering the poor 
visibility of the North Atlantic) and some were able to ‘see’ below the sediment with a 
clarity previously unknown.  Many of these technologies would be useful in locating 
submerged resources and are introduced in this dissertation. 
The underwater territory off the American coast is delineated by a series of zones, 
which fall under state, federal or international jurisdiction.  Certain jurisdictions (zones) 
are further delineated into sections in which different laws may apply.  U.S. interior 
waters are covered by either federal or state law.  I outline where each zone/jurisdiction is 
with regards to New England’s interior, coastal and offshore waters and present the 
applicable law.  Submerged resources in the United States have suffered from a lack of 
compliance with these laws.  In some cases the underwater environment is legally 
different from the terrestrial environment in relation to archaeological resources.  In 
others, it is protected the same as the terrestrial environment.  I surmise that ignorance of 
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the law by archaeologists and archaeological resource managers contributes to submerged 
resources not being considered by the archaeological community. 
Knowledge of the legal protection of submerged resources is the first step toward 
building a program of including submerged resources in CRM and research projects.  
Many areas of the underwater environment have been disturbed by development without 
taking into consideration the fact that many archaeological resources are protected under 
maritime and terrestrial law.  By providing an outline of the pertinent laws that apply to 
submerged resources and that support my recommendations I fulfill my objective of 
providing the legal toolkit to archaeologists.  Ultimately, in this dissertation I demonstrate 
that submerged resources exist, they are accessible, archaeologists are under an ethical 
and legal obligation to look for them, and I provide recommendations on how to do so. 
Outline 
  In Chapter 2 I expand on the background offered in the previous chapter.  Since 
investigation into submerged resources has occurred only in the past few decades, I 
review literature and online resources concerning this emerging field of study.  I include 
examples of research done both inside and outside of New England.  In this chapter I 
introduce the case study I use to exemplify a pre-Contact, underwater archaeology 
project.  This chapter serves to present, critique, and overcome the skepticism that 
supports a lack of archaeological inquiry into submerged resources.  Chapter 3 tackles the 
unique challenges of submerged, archaeological methodology.  Chapter 3 will be two-
pronged.  First, New England’s post-glacial geology is discussed and utilized as the basis 
for predictive models.  Second, I discuss methodology in terms of predictive modeling 
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strategies and available technology.  Technology applicable to survey and post-survey 
methodology is presented.   
In Chapter 4 I present the Boston Harbor case study.  This case study is used to 
exemplify a submerged resources study in New England.  I detail the predictive model, 
methods, and post survey analysis used during the project. 
 In Chapter 5 I untangle confusing maritime law to give archaeologists the 
guidance and platform they need to include submerged pre-contact resources in 106 
compliance proposals and independent/academic research projects.  I give a brief 
summary of each of the applicable laws that regulate archaeological resources in general.  
I then discuss maritime law and current international convention that drives worldwide 
treatment of submerged archaeological and historic resources.  Chapter 5 is the toolkit 
archaeologists need to utilize, and comply with, current law.   
In the final chapter I provide an evaluation of the current status of submerged, 
pre-Contact archaeological research, and make recommendations on how the 
archaeological community can engage in such research in the future.  The results of the 
Boston Harbor submerged resources study are presented and evaluated, which 
compliment the results of other research that show the promise of this emerging field of 
study.  The implications of how submerged resources benefit existing archaeological 
problems and questions are presented.  Chapter 6 offers a discussion and makes 
recommendations on how to approach and access submerged resources.  This discussion 
is based on the information presented in the preceding chapters that should change the 
current apprehension and apathy toward the underwater environment. 
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CHAPTER 2 
 
LITERATURE REVIEW 
Starting in the 1950s geophysical, remote sensing technology originally 
developed for the military was adopted by scientists in order to explore the underwater 
environment.  SCUBA was also in the process of developing as a means of directly 
accessing the underwater environment and was utilized by both science and the military.  
American archaeologists were among those who adopted the remote technology and 
SCUBA, but primarily put them to use locating and studying shipwrecks.  Access to 
submerged, pre-Contact resources was viewed with skepticism.  The following chapter 
provides a basic introduction to the structure of professional archaeology beginning in the 
1950s.  It is followed by a review of the archaeological literature that demonstrates the 
professional skepticism of American archaeologists regarding submerged resources, and 
juxtaposes this against identified submerged, pre-Contact sites outside the United States.    
Starting in the 1950s, and coinciding with the advent of SCUBA and remote 
technology, American archaeologists developed an archaeological paradigm that 
embraced controlled methodology (developed earlier in the century) and the scientific 
method of testing a hypothesis against observable variables.  In archaeology, observable 
variables are primarily artifacts and/or features.  Louis Binford branded and popularized 
this new train of thought, calling it the New Archaeology (Binford 1962; Binford 1965).  
New Archaeology has also been called processual archaeology, and is generally held to be 
the belief that “there was one right way to do archaeological science, involving the testing 
of propositions against data [after which] universalizing anthropological and (at least 
initially) evolutionary assumptions were made” (Hodder 1999:3).  Binford argued that; 
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“because artifacts have primary contexts in all subsystems of culture, formal artifact 
assemblages and their contexts can yield a systemic and understandable picture of total 
extinct cultures.  He maintained that the archaeologist’s primary duty is to explain the 
relations that are extant in the archaeological record” (Trigger 1989:298).     
The latter half of the twentieth century saw American archaeologists embrace the 
new paradigm by hypothesizing and drawing conclusions about a number of cultural 
traditions such as migration and subsistence patterns, population growth and density, and 
the technological advancement and adaptation of early Holocene peoples.  However, these 
conclusions are based on data sets that are, unfortunately, incomplete (Dincauze and 
Mulholland 1977).  Much of the record of the early Holocene is underwater and currently 
unexcavated.  While archaeologists have always needed to work with what can only be 
called a sample of the archaeological record (not every site in existence has been located 
and/or excavated fully), all sites that were within the vicinity of what had been marine and 
near marine environments are obscured from the archaeological record.  Therefore the 
comparative analyses used to explain unifying cultural traits or relationships from the 
archaeological record are deficient regardless of how rigorously assemblages and their 
contexts were recorded.  Yet our current predictive models and entrenched beliefs as to 
what early occupants of the Americas were doing, how they were doing it, and where they 
were doing it are rooted in an archaeological baseline established in the last 50 or so years 
with incomplete data. 
The theory of cultural ecology emerged during the same time period as the New 
Archaeology (Steward 1955).  American archaeologists began embracing notions of 
ecology and environment and looked for ways to incorporate them into understanding 
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cultural systems and archaeological sites (Dincauze 2000; Renfrew and Bahn 1991).  By 
the 1970s the archaeological literature clearly established sea level rise as having a major 
impact on the ecology, environment and cultures of the Holocene.  But the majority of 
this literature connected the effect of rising sea-level to its influence on peoples’ 
interaction with the land/sea interface rather than also addressing the direct impact of 
rising sea-level on previously aerial habitation areas.  The result is that most of the 
literature on archaeological excavations and the cultural ecology of the first half of the 
Holocene ignore the missing data from underwater (Dincauze and Mulholland 1977).  The 
literature that addresses this missing data, usually as an aside, is rife with conviction that 
sites underwater must have been destroyed by transgression (the advance of sea on to 
land) or be inaccessible due to the extant water column (Salwen 1967; Snow 1972). 
In the spirit of processual archaeology and cultural ecology, Snow (Snow 1972) 
published Rising Sea Level and Prehistoric Cultural Ecology in Northern New England.  
This was a study that examined shellfish exploitation with regards to Archaic Period 
subsistence patterns and technological adaptations and evolutions.  Snow states that an 
Archaic man was “primarily a hunter and fisherman, unfamiliar with the special marine 
resources of the seacoast and the techniques necessary for their exploitation.  His 
subsequent prehistory evolved within the context of steadily rising sea level…” (Snow 
1972:220).  Snow’s argument is based on archaeological sites in Maine.  Twice he 
declares that earlier sites would have been destroyed by transgression or submerged by 
rising sea level, but at no point does he suggest looking for submerged sites, nor does he 
elaborate on their possible significance to his hypothesis.  The declarations that sites are 
destroyed or submerged leads archaeologists to develop models without having to account 
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for or interpret the possibility of the supposed ‘lost data’.  The significance of this study to 
this dissertation is that off-shore and underwater sites are central to understanding Archaic 
Period population density, movement, subsistence and technological development while 
being simultaneously indicative of the omission of submerged resources (such as those 
attempted by Braun 1974; Brennan 1976; Salwen 1967; Snow 1972).  Brennan (Brennan 
1976) notes “No aspect of northeastern archaeology has been the subject of more 
sophistical, sciolistic interpretation than the harvesting of these easily acquired dietary 
resources [shellfish]” (Brennan 1976:112).   
The cultural ecology focus in the 1970s is also reflected in Salwen’s Post-glacial 
Environments and Culture Change in the Hudson River Basin (Salwen 1975).  Here he 
reviews archaeological evidence and reports on the cultural details of all the native 
inhabitants of the Hudson River Basin from Paleoindian through Contact.  Refreshingly, 
he clearly states that sites from the coastal zone undoubtedly utilized in the early stages of 
occupation are missing from the archaeological record, and that the “present lack of 
archaeological data from this zone has resulted in an incomplete and somewhat 
unbalanced interpretation of the Paleo-Indian subsistence system” (Salwen 1975:47).   
Unfortunately this statement is juxtaposed against the bulk of the report, which goes on to 
infer pre-Contact behavior based on a comparison of terrestrial sites.  
Paleoindian and Archaic period (12,000-3,000 BP [Before Present, 0 calendrical 
BP = 1950 AD]) marine resource exploitation is still a controversial subject and 
archaeologists are still making arguments based on missing data sets.  As introduced in 
Chapter 1, Erlandson (Erlandson 2001) summarizes an argument that the use of extant 
lacustrine and riverine sites for evidence of maritime resource adaptation may offset the 
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“loss of early coastal sites” due to sea level rise.  His work is an analysis of the effects of 
aquatic resources, maritime adaptation and seafaring on human evolution. The impression 
given by his article is that submerged evidence is lost.  At the very end he suggests that 
the solution is to examine submerged sites, and points out that very little work of this 
nature exists.  Erlandson then cautions that this is easier said than done, and due to 
transgression most sites will have been destroyed.  Yet he then acknowledges that 
impressive numbers of sites have been found recently worldwide and those numbers are 
growing.   This article is an excellent example of the current equivocal nature of 
underwater research: on the one hand, there is a recognition that submerged sites offer the 
best opportunity to answer fundamental questions plaguing early New World researchers; 
on the other hand, there is a clear skepticism regarding the feasibility and the means of 
plumbing the murky depths of the sea. 
Another controversial subject in archaeology that has been argued over for 
decades is the initial colonization of the Americas.  Much has been written on this subject, 
but little attention has been paid to the contribution of submerged resources.  For example, 
Bradley and Stanford (Bradley and Stanford 2004) argue for a western European origin 
for New World Clovis culture, and an increased acknowledgement of the exploitation of 
marine resources during this period.  This is obviously at odds with a Beringian land 
bridge hypothesis that has colonizers following large herd animals.  In order to study their 
hypothesis they suggest “engage[ing] in informed speculation” while reviewing inland 
evidence in order to “create models of Solutrean settlement and procurement systems” 
that include marine resources as an important factor because the archaeological evidence 
is underwater (Bradley and Stanford 2004:470).  They do not suggest looking for the 
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archaeological evidence, leading this reader to wonder what informed speculation of 
known inland evidence can contribute that would be more valuable than in situ sites on 
the continental shelf. 
Ambiguous literature regarding the value of submerged resources to questions of 
migration is not limited to America.  The colonization of Australia and the seafaring 
means to accomplish it are discussed in The Earliest Evidence of Ocean Navigation 
(Bednarik 1997).  In it the author attributes the paucity of evidence of ancient seafaring 
technologies in the archaeological record to lower sea levels that have “rendered the 
survival of any coastal or maritime equipment almost impossible…what can be known 
about Paleolithic maritime economies anywhere in the world is severely limited.  
Knowledge of Pleistocene archaeology is essentially restricted to inland economies” 
(Bednarik 1997:183).  In juxtaposition to this a site on the continental shelf of South 
Africa has yielded Acheullian hand axes from in-situ deposits (Flemming 1996; Werz 
and Flemming 2001). 
Geological and Ecological Studies 
Marine transgression and its effects on the erosion and deposition of sediment is a 
legitimate area of inquiry when researching submerged resources.  A detailed discussion 
of geological forces, including glacial processes affecting New England, is presented in 
Chapter 3.  Before discussing these forces in detail, however, an introduction of how 
geological studies are complimentary to archaeological and ecological studies of the 
underwater environment is presented here.  The rate of marine transgression has a direct 
relationship to the forming of barrier beaches, lagoons, dunes, salt mashes and other 
topographic features that would be most attractive to pre-Contact peoples (Barghoorn 
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1953; Emery and Edwards 1966; Knebel and Circe 1995; Oldale 1985; Shepard 1964).  It 
also has a direct relationship to the erosion of these features if they were able to form in 
the first place.   Sea level curves are being actively revised and updated as geophysicists 
collect and interpret both global and regional/local data.  Fortunately, New England has a 
robust history of marine studies thanks to the proximity of multiple universities and 
research institutions such as Woods Hole Oceanographic Institution in Massachusetts.  
Marine studies on the east coast also benefit from federal attention due to an active naval 
presence and marine sanctuaries such as Stellwagen Bank National Marine Sanctuary at 
the mouth of Massachusetts Bay.    
At the same time that archaeologists were embracing cultural ecology and the 
New Archaeology, geologists were publishing essays on the potential for human 
occupation on the continental shelves pre sea level rise (Barghoorn 1953; Emery and 
Edwards 1966; Shepard 1964).  Some of the impetus for this was the discovery and 
subsequent excavation of portions of the Boylston Street fish weir and early colonial 
structures at the Saugus Iron Works (Barghoorn 1953).  Both these archaeological sites 
demonstrated that the Massachusetts coast had been submerged under an encroaching 
tide.  Their existence substantiated controversial geophysical theories of submergence, 
and stand as an example of the reciprocal mature of interdisciplinary studies.   Emery and 
Edwards (Emery and Edwards 1966), of the Woods Hole Oceanographic Institution, 
report on a long term geological study of the continental margin of the east coast in their 
1966 article Archaeological Potential of the Atlantic Continental Shelf .  In this article 
they report evidence of intact paleo landforms currently submerged that are similar to 
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extant terrestrial landforms known to contain archaeological deposits.  They conclude 
that archaeological exploration of the continental shelf should produce sites. 
Sediment deposition on archaeological deposits, as an agent in preservation, 
deserves attention.   It is in direct opposition to the notion of site loss due to transgression 
projected by archaeologists in the latter half of the twentieth century.   The previously 
mentioned fish weirs in the Back Bay area of Boston show evidence of being capped by 
sediments that were the result of rising sea level, insuring their preservation (Dincauze 
and Decima 1998).  Geologists have developed a model of sediment erosion on terrestrial 
topography affected by rising sea level in Preservation Potential of Transgressive 
Coastal Lithosomes on the U.S. Atlantic Shelf  (Belknap and Kraft 1981).  They are 
interested in the preservation potential of coastal landforms rather than archaeological 
sites, but this model gives archaeologists another tool to use when predicting submerged 
resources.  
Complimentary ecological studies and predictive models support the geophysical 
evidence that inundated paleo landforms survive, and may have been occupied while 
exposed.  These studies demonstrate that the now submerged, New England continental 
shelf would have been an attractive prospect for resource procurement by human settlers 
during the late Pleistocene and Early Holocene (Morse, et al. 1996).  Root (Root 1978) 
produced such a study with her Predictive Model of Prehistoric Subsistence and 
Settlement Systems on the Outer Continental Shelf.   Using optimal foraging models (e.g. 
Charnov 1976; Hamilton 1970; Orians 1979) as a theoretical basis to examine paleo 
resources, and the amount of energy necessary for humans to exploit them, she has 
modeled the productivity of the exposed continental shelf encompassing the mid-Atlantic 
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and northeast coasts of North America during the post-glacial and early Holocene time 
periods.  She concludes that “[m]modeling the potential resources distribution, and the 
least effort exploitation strategies, indicate a high potential for sites on the continental 
shelf” (Root 1978:124).   
 The remains of mammoth and mastodon dredged from the continental shelf by 
fisherman demonstrate the potential for the environment to support human life (Uchupi, 
et al. 2001; Whitmore, et al. 1967).  Evidence of drowned forests and peat deposits are 
reported in the literature for previously glaciated areas (Fedje 2000; Kaye and Barghoorn 
1964; Scott and Medioli 1995).  Buried oyster beds have also been recorded (Snow 
1972), confirming that intact, submerged paleo environments and resources for human 
exploitation exist and that transgression caused certain areas to be covered with a 
protective layer of sediment rather than eroded. 
Submerged Resources 
Countries other than the United States have led the research into submerged 
resources study.   The oldest intact, inundated archaeological site to date was excavated 
off the coast of South Africa (Werz and Flemming 2001).  Coincidently, the investigation 
of shipwrecks yielded the evidence of hominid occupation of the continental shelf (Werz 
and Flemming 2001).  Acheulean handaxes and another bifacially worked handaxe-like 
artifact were excavated from undisturbed sediment under adjacent shipwrecks.  The axes 
show no signs of abrasion by wave action and the sediment they lay embedded in shows 
no evidence of being reworked.   The paleolithic artifacts are separate from any 
associated shipwreck material.   Flemming (Flemming 1996) points out that this site 
indicates that submerged resources were deposited on the continental shelf, can be 
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excavated stratigraphically from the continental shelf and, as this site demonstrates, can 
withstand multiple marine transgressions.  These artifacts have remained in situ for 10 
marine regressions and 10 marine transgressions (Werz and Flemming 2001).  A synopsis 
of evidence for submerged resources follows.  For reasons of brevity I will be reviewing 
literature only from Eurasia and North America, as they should be sufficient to overcome 
any skepticism regarding the potential for submerged resources to be located and studied.  
The following review of submerged archaeological sites is by no means 
exhaustive.  It is intended to give a broad sense of the different types and locations of 
submerged resources that have been discovered and/or systematically excavated.  In 
Eurasia I concentrate on sites dating roughly to the European archaeological periods of 
the Upper Paleolithic (35,000 - 10,000 BP), the Mesolithic (10,000 - 8,000 BP) and the 
Neolithic (8,000 - 5,000 BP) as these correspond to the general time frame of pre-Contact 
occupation of New England at a time when sea level was low enough to leave now 
inundated areas exposed. 
Eurasia 
European Lake Dwellings 
Public interest in lake dwellings began in 1853 during a period of low water level 
in Lake Zurich in Switzerland (Ruoff 1980, 2004).  The water levels in alpine lakes can 
vary for a variety of reasons; high levels could be the result of massive spring run off 
from a winter of heavy snow or, conversely, low levels resulting from a dry season with 
snow locked up behind mountain ice.  Subsequently, some lake-dwelling structures are 
now inundated while at times in the past they were not.  During the low water level in 
1853, pilings from platform structures became visible and resulted in intensive collecting 
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of Neolithic artifacts from the exposed lakebed.  Scientific interest in lake dwellings 
followed and began in earnest in the twentieth century.  A rudimentary cofferdam was 
erected in 1929 and 1930 to excavate a Neolithic settlement in the shallow waters of Lake 
Constance, an alpine lake bordered by Austria, Germany and Switzerland (Ruoff 1980; 
Schlichtherle 2004).   The first systematic, underwater archaeology project undertaken by 
divers was at the Neolithic Kleiner Hafner site in Lake Zurich in 1966 and 1967 (Ruoff 
2004).   
In Italy, during a utility dredging operation to lay pipe across the bottom of Lake 
Bracciano in 1989, Neolithic artifacts were recognized during archaeological monitoring 
of the dredge spoils (Kunzig 2002).  Lake levels have risen about 7.62 m (25 ft) in the 
last 8,000 years.  Subsequent investigation revealed an intact village site under 7.62 m 
(25 ft) of water and another 3.05 m (10 ft) of lake sediment.  Along with evidence of 
structures and familiar Neolithic artifacts are painted pottery (previously unknown in 
Neolithic Italy), a 10.67 m (35 ft) dugout canoe, a soapstone female figurine and, most 
surprising, a number of miniature boats about 25.4 cm (10 in) long (Kunzig 2002).  At all 
these sites, and other underwater lake sites too numerous to mention here, preservation of 
stratigraphy, artifacts and ecofacts is excellent. 
 The nineteenth century discovery of inundated settlements in Switzerland 
prompted the British to examine the evidence of pre-Roman occupation in their lakes 
(Coles 2004).  The man-made crannogs, or islands, in British and Irish lakes had long 
been recognized as settlements, but little interest had been paid to their antiquity.  The 
terrestrial portions of these crannogs began to be investigated almost immediately, but the 
underwater portions were not accessed until much later.  In 1980, Morrison reports that 
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most of the underwater portions of crannogs investigated up to that time had been the 
result of exposure through drainage operations, and that the use of diving technology to 
study crannogs below the water level was just beginning (Morrison 1980).   While many 
crannogs date to periods younger than the Neolithic, one underwater investigation of a 
crannog in Wales yielded prehistoric lithics dating to the Mesolithic and Neolithic 
periods (Redknap and Lane 1994).  The stratigraphic context suggests these artifacts were 
carried to the site as part of the crannog construction rather than being in situ, yet the find 
is interesting given the quality of preservation of underwater materials that may not 
otherwise survive.   These freshwater examples of intact archaeological deposits show 
that preservation of sites is possible in similar New England lacustrine and riverine 
environments. 
France (Geddes 1983)  
In 1972 dredging operations opening a new channel to Port Leucate, France dug 
into a Mesolithic site.  The dredge spoils were deposited on the shore and archaeologists 
wet screened the sediment, recovering lithic and bone tools, faunal remains, and pottery.  
No underwater excavation took place and the exact location and stratigraphy of the site 
cannot be ascertained.  However, the preservation quality, the assortment, and the 
quantity of artifact and ecofact types are impressive.  Tiny bird bones survived the 
machine excavation, which in turn suggests that they were embedded in intact sediment 
unaffected by transgression erosion.  This site exemplifies the potential for observing 
submerged resources in dredge spoils, and cautions that archaeological monitoring of 
dredging operations when paleo sediments are expected may be an important 
consideration. 
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Sporadhes, Greece (Flemming 1983) 
 In 1980 and 1981 a terrestrial, archaeological excavation was conducted on 
Aghios Petros, an island in the Sporadhes group located in the Aegean Sea.  A portion of 
a Neolithic settlement was discovered, measuring roughly 20 m along the modern 
shoreline, and extending only a few meters inland, perpendicular to the shore.  The 
quantity and quality of artifacts recovered from this area led researchers to conclude that 
the majority of the site lay underwater, and had been subsumed by rising sea level.  A 
permit was obtained to survey the offshore portion of the locale using snorkels only, no 
SCUBA was permitted.   
 Quantities of Neolithic and Bronze Age artifacts were recovered from within a 50 
m x 35 m underwater survey grid (the boundaries chosen, in part, by the limitations of 
snorkel rather than SCUBA).  A total of 3.75 sq m were excavated by hand using a catch 
bag (three 1 m units and three .25 m units).  The depth of excavation ranged from 25 cm 
in a 1 m unit to just a couple of handfuls of sediment in the .25 m units.  The horizontal, 
underwater artifact boundaries coincided with onshore site boundaries.  The study 
concluded that artifacts had been redeposited horizontally and vertically by transgression, 
but only minimally as no abrasion was present on the artifacts.  Wave action removed the 
finer sediment particles from the original deposit, but the heavier particles and artifacts 
dropped through the water column.  “The Aghios Petros submarine site has already 
survived the most extreme levels of marine attack which it is ever likely to undergo, and 
it is still recognizable” (Flemming 1983:262).   This site stands as an example of the 
potential for artifact concentrations to survive transgression, more or less in the same 
vicinity as original deposition. 
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Sweden (Larsson 1983) 
 Throughout the twentieth century geological coring and industrial dredging in the 
Strait of Øresund, a waterway separating Denmark from Sweden, has revealed 
submerged bogs as much as 20 m below modern sea level.  Coring in the 1930s also 
revealed worked flint artifacts.   These findings initiated archaeological reconnaissance 
survey in 1979 and 1980 to try and locate archaeological deposits.  Predictive models 
used on land were followed.  Sea bottom grab sampling and visual diver surveys were 
used.   
One lithic concentration was found adjacent to a dredged area and was 
hypothesized to be the fringes of a larger site now destroyed.  A second lithic scatter and 
shell midden were discovered at the margin of a paleo river channel.  Some of the lithics 
in this concentration were weathered smooth, some were not.  This suggests some fluvial 
reworking to a percentage of the collection and possible in situ deposition of the rest.  
Additional sites in the area were being recorded at the time of publication.  
Denmark (Fischer 2004; Grøn and Skaarup 2004) 
Systematic archaeological surveys undertaken in the 1980s and 1990s revealed 
numerous submerged resources in Danish waters.  “During these field campaigns we 
often found two or three new sites a day” (Fischer 2004:25).  Predictive models used on 
land were followed.  Divers reported that many of the finds were visible on the seabed 
surface.  Archaeologists concluded that this was the result of erosion and transgression 
removing fine sediment and leaving behind heavier artifacts.  However, subsurface and 
surface features such as hearths have been recorded intact.  The Danish waters evaluated 
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during these surveys are considered low energy; sea level rise would have been gentler on 
the archaeological deposits than an active surf zone.     
 Fish weirs have also been recorded in these waters.  As have submerged forests as 
deep as 30 m below sea level with in situ tree trunks spaced similar to living forests.  
These intact paleo layers may contain archaeological deposits unaffected by 
transgression.  These Danish sites offer additional evidence of artifact concentrations 
likely being in the same vicinity as original deposition.   
 The Langelands Museum began to register prehistoric submerged finds by sport 
divers in 1972 from the waters surrounding the island Fyn, the museum’s area of 
archaeological responsibility (Grøn and Skaarup 2004).  By 1983, 126 settlements had 
been registered.  In 1990-1993 the museum excavated a Mesolithic pit dwelling and 
associated boat burial that yielded excellent preservation of features, artifacts, and 
ecofacts, while maintaining stratigraphic control.  The underwater site revealed human 
skeletal material, in and around a dugout canoe, along with wooden poles used, 
presumably, to hold the dugout up over the surface of the water.  A pit dwelling nearby 
had in situ evidence of supports posts as well as remains of a living platform.  Based on 
discernable evidence of hearths, lithic work stations, and platform structures the dwelling 
has been interpreted as a two family house.   This site shows evidence of intact, 
subsurface features and recognizable archaeological context.   
Franchthi Cave, Greece (Gifford 1983) 
 Hand operated marine cores taken in 1981 from an underwater context several 
hundred meters from the shoreline fronting Franchthi Cave show evidence of in situ 
Neolithic occupation.  Paleogeographical analysis is part of a multi-disciplinary study of 
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the cave and its surroundings.  The cave was almost continuously occupied between 
26,000 and 5,000 years ago.  An area roughly 75 m wide and 15 m from the cave 
entrance to the sea outside shows evidence of Neolithic use.  The two marine cores 
contained between 550-565 cm of sediment measured below sea bottom surface.  
Penetration of the cores was stopped by bedrock or large cobbles. 
  Core 1 was taken from a water depth of 4.5 m.  Core 2 was taken from a water 
depth of 5.5 m.  Both cores had pottery in the stratigraphic layer directly above this limit 
of penetration, i.e. the end of the core.  The pottery was unabraded by wave action and 
ecofacts, including mud daubs and oxidized copper, were also present - suggesting in situ 
deposition.  Over 30 pottery fragments were retrieved from one core.  Archaeologists 
concluded a low energy, but rapid, rise in sea level slightly reworked the top layer of 
alluvial sediment in which the artifacts were originally deposited - mixing it with marine 
sediment - then covering the site with between 2-6 m of marine sediment, effectively 
capping and preserving the deposit.  This site indicates in-situ archaeological deposits 
minimally affected by transgression and ultimately protected by the deposition of marine 
sediment.  It also is an example of a fortunate discovery of archaeological artifacts in a 
small core. 
Solent, England (Momber 2000, 2004) 
 The Solent is a waterway that separates Britain from the Isle of Wight.  Evidence 
of prehistoric occupation of the submerged Solent were reported by fisherman, some of 
whom had impressive collections.  Professional archaeological investigations of 
underwater deposits began in 1985 in an area is at the base of a submarine cliff connected 
to the Isle of Wight.  The project suffered a hiatus due to lack of funds, and resumed in 
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1999.  Lithic artifacts were observed on the seabed through diver survey.  The lithic 
scatters were the result of lobsters burrowing in the peat that makes up the sea floor. 
Subsequent study over the next few years, including visual diver survey and 
coring, confirmed intact peat deposits with in situ artifacts within a drowned forest.  The 
submerged paleosediments thin as they continue down slope away from the cliff face.  
The margin of the sediment also shows lithic scatter, evidence of the ongoing erosion of 
the peat.  This scatter, coupled with lithic scatter upslope visible in the lobster “backdirt” 
on the sea floor at the base of the cliff, indicates in situ Mesolithic deposits likely buried 
at multiple loci within the undisturbed peat. 
 A website updating the project, since the publication in 2004, reports hearths and 
worked timber as well as the previously reported lithics.  It can be assumed that these 
intact features were excavated from the undisturbed peat.  The Isle of Wight presumably 
acted as a barrier and protector during transgression, resulting in a low energy sea-level 
rise and minimal surf erosion of the paleo landform.  Tidal currents at this location, 
however, are currently eroding the cliff and scouring areas around the submerged tree 
trunks, hence, the ongoing archaeological investigation.  This site is another example of 
submerged archaeological deposits, both disturbed and undisturbed, being successfully 
located and studied.  
Atlit-Yam, Israel (Galili, et al. 1993) 
 Just prior to 1993, 300-400 m off the coast of Israel in 8-12 m of water, an intact 
60,000 sq m Neolithic village was discovered and subsequently excavated by 
archaeologists.  Structural foundations, circular stone features that may have been storage 
pits, fire hearths, a well, and 15 intact human burials were among the features located, 
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mapped, and excavated.  Artifacts and ecofacts include stone and bone tools, debitage, 
figurines, and other ornamental and ceremonial objects, a varied faunal collection, fish 
bone, charred wheat and other flora samples.  There was no pottery, which is diagnostic 
of an early Neolithic time period. 
Particularly interesting at this location was a layer of sand covering the site.  It 
was suggested that migrating sand dunes and eolian sand deposits embedded the site prior 
to transgression, thereby preserving it.  An encroaching sea, resulting in salination of the 
well water, and increased sand deposition has been hypothesized as the agents that forced 
the occupants out.  A small peninsula and submarine ridges, relict of raised terrestrial 
landforms, likely produced low energy transgression and protected the site from wave 
action deterioration.   This site is an excellent example of intact archaeological features 
and deposits protected by sediment deposition prior to marine transgression. 
North America 
Canada (Fedje 2000; Josenhans 1997) 
 In 1997, researchers from Parks Canada and the Geological Survey of Canada 
published the results of an interdisciplinary study on Canada’s western continental shelf.  
The study combined high resolution seabed mapping with geophysical coring in order to 
reconstruct paleoenvironment and post-glacial sea level history in the region of the Queen 
Charlotte Islands off the coast of British Columbia.  The results showed a drowned 
terrestrial landscape that included forests, beaches, a delta, and a riverine system.  A 
bifacial stone tool was recovered from flood plain deposits currently 53 m below sea 
level.  Clearly, this area of intact, paleo landforms and evidence of human occupation in 
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Canada reflects a high potential for the also previously glaciated east coast continental 
shelf to yield the same.    
California (Masters 1983, 1985) 
For most of the twentieth century, and perhaps earlier, reports of stone mortars 
found underwater by fishermen and divers in southern California have been numerous.  
As of 1985, 110 underwater sites had been reported.  The first archaeological project to 
investigate these reports was a cataloging task undertaken in 1976.  Since then 
professional diver surveys have also been done.  Stone mortars and bowls predominate as 
the artifact type found offshore.  California has produced evidence of pecked mortars 
being manufactured from beach cobbles, and being used at the point of production. 
Researchers admit it is unclear whether the mortars and bowls predominate due to 
the fact that they are easily recognizable to non-archaeologists (who are doing most of the 
recording) or because they are large and heavy and not likely to be destroyed by 
transgression.  In some locations there are hundreds of mortars in one area and the 
possibility certainly exists that other cultural materials are nearby.  Unique to these beach 
locations is the fact that subsurface features are unlikely due to constant surf action. 
Gulf of Mexico (Garrison 1992; Stright 1986; Weiss 2007) 
 In 1983 the United States Department of the Interior, Mineral Management 
Service (MMS) studied the ability of technology and methodology developed by them to 
predict and confirm the presence of submerged archaeological sites on paleo landforms in 
the Gulf of Mexico (Stright 1986).  The study was driven in large part by industry’s 
search for oil and gas reserves beneath the Gulf.  Existing seismic and coring results by 
  31
industry and the federal government in the Gulf of Mexico were used to identify potential 
areas of interest.   
 Close examination of the areas of interest by seismic sensors and vibratory cores 
showed a clear stratigraphic sequence of terrestrial sediments followed by estuarine then 
marine deposits; a classic progression of aerially exposed land being gradually subsumed 
by sea level rise.  Two cores, 45.72 m apart, contained a layer of shell.  Both the shell and 
pollen retrieved from their sediment matrix show no sign of reworking and indicate that 
the layer had been aerially exposed.  It was concluded that the shell was an archeological 
deposit rather than a natural one. 
 Remote sensing work continued in the Gulf of Mexico as a joint geophysical 
marine mapping exercise sponsored by MMS and the National Oceanic and Atmospheric 
Administration (NOAA).  Two relict shorelines, buried stream channels, and multiple 
sinkholes were mapped.  No archaeological sites were encountered given the resolution 
of this study, but clear evidence of paleo landscapes were identified.  Submerged paleo 
landforms were also discovered in the Flower Garden Banks Marine Sanctuary off the 
Galveston, Texas coast (Weiss 2007).  These projects show great potential for submerged 
resources to be discovered on these landforms.  
Florida (Clausen, et al. 1975; Cockrell 1980; Dunbar, et al. 1992; Faught 1996, 2002, 
2003; Smith 2002) 
 Submerged resources have been discovered in two areas of the Gulf of Mexico; 
inundated, inland sinkholes, and off the west coast of Florida.  Warm Mineral Springs 
and Little Salt Springs are two karst sinkholes that are currently inundated.   Human 
remains and artifacts were documented at Warm Mineral Springs as early as 1959, but 
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archaeological excavation commenced in the early 1970s.  Human burials, bone and 
stone tools, faunal remains (both extinct and extant), food remains, and wood are in an 
associated context located on a ledge along the wall of the sinkhole.  Little Salt Springs 
was also excavated in the 1970s, although it had long been known to produce artifacts 
and human remains.  Bone, stone and antler tools, lithics, wooden items, extinct fauna, 
and human remains that include a cranium with intact brain matter (currently being 
studied for DNA) dating to Paleoindian and Archaic periods (12,000-3,000 BP) have 
been recovered from shelves along the sinkhole’s walls.  Archaeological investigation in 
Little Salt Springs is ongoing (University of Miami 2009). 
Offshore investigations in Florida have been tremendously successful in locating 
and excavating submerged resources.  Beginning in the 1980s researchers applied local, 
terrestrial predictive models for site location to the underwater environment.  By 
following out river channels and investigating near shore areas where submerged 
topography closely resembled land topography, divers were able to locate archaeological 
deposits ranging from Paleoindian through the Archaic periods (12,000-3,000 BP). 
Multiple deposits have been recorded over the years, including; the J&J Hunt Site, 
an Early-Middle Archaic chipping station; the Page-Ladson Site, a Paleoindian - Early 
Archaic site with lithics and extinct fauna and multiple lithic sites from the Apalachee 
Bay area ranging from Paleoindian to the Middle Archaic (12,000-3,000 BP).  Many of 
these sites show evidence of transgression disturbance, others have sediments in situ.  
Florida has so far seen the greatest interest in, and pursuit of submerged resources in the 
United States.  
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Atlantic Coast (Merwin 2002) 
 In 1994 the Army Corps of Engineers dredged a portion of the Mid Atlantic 
Bight, south of the western end of Long Island and the mouth of the Hudson River, in 
order to retrieve sand for replenishment of New Jersey beaches.  Subsequently, a 
beachcomber in New Jersey collected more than two hundred lithic artifacts from a 
deposit of the dredge spoils between 1994 and 1995.  The artifacts included projectile 
points diagnostic to the Early, Middle and Late Archaic periods (10,000-3,000 BP) in the 
northeast.  The artifacts were water worn, suggesting they had been considerably 
reworked by wave action during transgression or possibly redeposited on the ocean floor 
as a result of being eroded from riverbanks or coastal zones northward (Kathryn Curran 
2009, personal communication).  Nevertheless, they are an impressive collection of 
archaic stone tools, and still have research potential.  Subsequent underwater 
investigation of the original dredge area where the artifacts were removed from showed 
no evidence of submerged archaeological sites (Daria Merwin 2005, personal 
communication).   
New England 
Connecticut (Banks 1990; McEwen 1986; Powell 1965) 
 To date there have been no fully submerged sites located in Connecticut waters.  
However, coastal sites being currently inundated have been recorded throughout the 
twentieth century.  Amateur archaeologists, collectors and CRM surveys have reported 
on Archaic and Woodland period (3,000-500 BP) sites exposed in profile as a result of 
mechanical dredging or erosion.  The Spruce Swamp site is an example, a swamp 
dredged in the 1950s to form a boat basin connected to a tidal waterway.  Artifacts from 
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the bog surface, and in the dredged wall profile indicate a stratified occupation ranging 
from Early Archaic through Middle/Late Woodland (10,000-500 BP).   Initially, the site 
had been on dry ground, inland from the coast, and became boggy as the rising sea level 
initiated the estuary building process.   
Another dredged profile revealed in the 1950s is at Pilot’s Point, also dredged to 
create a boat basin.  This area is located at the mouth of the Patchogue and 
Menunketesuck rivers.  Buried peat, 2.2 – 4 m thick, containing Archaic period (10,000-
3,000 BP) artifacts was visible at low tide.  Again, this site at the time of occupation 
would have been dry, becoming increasingly estuarine as sea level rose.  The Archaic 
Midden site is located on the banks of the intertidal zone of the Connecticut River.  It is 
only accessible during low tide and was investigated by the Public Archaeology Survey 
Team, a CRM organization.  Archaic period (10,000-3,000 BP) artifacts and an intact 
feature were recorded.  This site is actively eroding due to river and tidal currents, and it 
raises interesting questions about the potential for site preservation in the context of rate 
of inundation and stabilization of paleo river channels. 
 These sites are currently on the coast, but sediment coring and observations at the 
sites show them to have been utilized when they were riverine and intertidal, not coastal.  
In the case of Spruce Swamp and Pilot’s Point if modern dredging had not taken place, 
and the current rate of inundation continued unaffected, these sites would have likely 
remained intact underwater. 
Maine (Cox 1991; Crock, et al. 1993; Leach 2007; Petersen, et al. 1994; Riess 2002) 
 Recovery of underwater, pre-Contact artifacts from the continental shelf in Maine 
have been almost exclusively the domain of fishermen.  One report of artifacts retrieved 
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by scallop dragging off the coast of Lazygut Island was subsequently investigated by 
underwater archaeologists from the Maine State Museum in the 1980s.  Diver survey 
recovered additional lithic material.  Sediment tests and geophysical survey data of the 
surrounding area were consulted.  It was concluded that the artifacts were scattered on a 
sloping terrace in a disturbed context, due to transgression, and were not found in situ.  
Additional lithic artifacts have been reported from Maine’s continental shelf by 
fishermen.  These include a water worn biface and a ground stone plummet with a 
perforated proximal end, both characteristic of the Archaic period (10,000-3,000 BP).  
The perforated plummet is, however, quite rare.  It is unlikely that either of these artifacts 
are from undisturbed contexts, but they do prove humans occupied the now submerged 
continental shelf in Maine. 
 Better quality evidence of submerged early occupation, in undisturbed contexts, 
comes from the inland waters of Maine.  A fish weir complex is preserved near the mouth 
of the East Branch Sebasticook River inlet into Sabasticook Lake in Newport, Maine.  
Intact, culturally modified, wooden stakes were discovered by amateur archaeologists 
during a period of low lake water level in 1991.  The University of Maine Archaeology 
Research Center, working in conjunction with the amateur archaeologists, mapped and 
surface collected at the site from 1991-1993.  Lithic artifacts and fragments of a sewn 
birchbark container were recovered.  Radiocarbon dating of the stakes showed the weir to 
have been continuously used and modified from the Archaic through the Woodland 
periods (10,000-500 BP).   
Investigation into the submerged pre-Contact history of Maine is continuing as 
exemplified by a conference paper given in 2007 at the Geological Society of America’s 
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annual Northeast Section meeting.  Geologists from the Climate Change Institute from 
the University of Maine are reconstructing the paleoenvironment of the Damariscotta 
River utilizing seismic data and vibratory cores.  They have located submerged, buried 
terrestrial sediments and relict oyster beds and are in the process of obtaining radiocarbon 
dates on preserved organics present in both.  They are interested in applying the data to 
models of location potential for submerged archaeological resources.          
Rhode Island (Coleman and McBride 2008; Lynch 2001) 
 To date there have been no fully submerged sites recorded in Rhode Island state 
waters.  But, like Maine, this state has also received reports of artifacts being dredged up 
as accidental finds.  A survey of fishermen mapped out areas of potential submerged 
resources.  One of these areas, Greenwich Bay, had produced a Late Paleoindian (10,000 
BP) biface embedded in a bovine bone (William Turnbaugh, personal communication 
1998).  Later investigation of this area by underwater archaeologists, however, did not 
produce additional evidence of submerged resources (Charlotte Taylor, personal 
communication 2007).  Nevertheless, submerged resources have been recorded. 
 A geophysical survey of the continental shelf near Block Island, conducted by an 
interdisciplinary team of university and Woods Hole Oceanographic Institution 
researchers, took place in 2000.  Seismic data and vibratory cores were used to 
reconstruct the paleotopography in an area hypothesized to have a high potential for 
submerged resources.  The results did not show conclusive evidence of intact paleo 
sediments suitable for human occupation, but general geomorphological features such as 
a stream channel, tidal inlet, and lagoon were interpreted from the data.  Nine vibratory 
cores were used to test the sediment profile.  Glacial till was observed at the bottom of 
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some cores, not a likely living surface, with Holocene marine sediment predominating 
throughout.  One core placed in an area projected to have a buried peat deposit (post sub 
bottom profile analysis) was not able to penetrate far enough to reach the projected peat, 
and is therefore inconclusive. 
      
Figure 1.  Location of Boston Harbor in southern New England. 
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Massachusetts (Lynch, et al. 2004; Mastone 2002; Robinson, et al. 2003; Robinson and 
Waller 2002) 
 To date there have been no fully submerged sites recorded in Massachusetts state 
waters.  However, three recent, CRM marine surveys have integrated submerged pre-
Contact resource potential into their planning and execution.  Two locations within 
Boston Harbor and one off the coast of Nantucket implemented vibratory coring 
specifically intended to test for buried terrestrial sediments and potential cultural 
material.  The Nantucket project reviewed evidence of terrestrial sediment buried under 
marine sediment in multiple cores.  Two environments were identified: a shallow 
freshwater deposit and a former forest floor.  No cultural material was observed, but the 
buried paleosols prove intact, terrestrial land surfaces capable of supporting human 
occupation exist in New England. 
 The two CRM projects undertaken in Boston Harbor did not identify buried paleo 
land surfaces or evidence of human occupation.  The Boston Harbor Navigation 
Improvement project, undertaken by Archaeological Services at the University of 
Massachusetts, was one of these CRM studies.  Figure 1 shows the location of Boston 
Harbor on the east coast of southern New England (Figure 1).  The nature of CRM is 
such that testing locations are constrained horizontally and vertically by the proposed 
impact area.   Figure 2 shows the survey area of Boston Harbor tested during the Boston 
Harbor Navigation Improvement project (Figure 2).  The Boston Harbor Navigation 
Improvement project is presented in detail in Chapter 4 as a case study on submerged 
resource research in New England.    
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Figure 2.  Survey area of the Boston Harbor Navigation Improvement project in 
Boston Harbor. 
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Most archaeological deposits in terrestrial New England can be expected to be 
within the vertical boundaries of a hand excavated test unit, which is not the case 
underwater.  Holocene marine sediment predominated in all cores collected in Boston 
Harbor.  Vibratory cores entirely constituted of marine sediment may have simply not 
penetrated far enough to reach paleo land surfaces.  In the case of the Boston Harbor 
Navigation Improvement CRM study, dredging was proposed down to 1.83 m (6 ft) 
below seabed surface.  Some of the vibratory cores taken during that project penetrated 
3.05 m (10 ft), beyond the limits of proposed dredge disturbance.  
Archaeological investigation into submerged resources in New England was 
initiated by the geophysical community.  The limited attention paid to submerged 
resources today reflects the historical skeptical attitude of professional archaeologists.  
Even many of the recent publications on underwater pre-Contact archaeology are by 
geologists.  Intact, submerged paleosols and archaeological sites have been actively 
sought after, located, and successfully excavated in countries other than the United 
States.  Clearly, the lack of systematic survey of New England underwater environments 
is to blame for the lack of identified, pre-Contact archaeological deposits underwater.  In 
Chapter 3 I lay out the glacial processes that shaped New England and its off shore 
seabed.  I also provide an overview on the methodology appropriate for underwater 
archaeological survey in Chapter 3. 
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CHAPTER 3 
 
 
GLACIAL NEW ENGLAND 
“All the disciplines involved in aspects of paleoenvironmental 
reconstruction have different goals, to which their characteristic scales of 
observation and data collection are appropriate.  For archaeologists, the 
goal of paleoenvironmental reconstruction is the description of change in 
the physical and biological contexts of human existence.  The goal has 
often been only partially achieved because of temporal distance, the need 
to rely on indirect evidence, and the inherent difficulties of working in a 
multidisciplinary mode.  A better understanding on the part of 
archaeologists of the basics of the cooperating disciplines can turn 
difficulties into strengths” [Dincauze 2000]. 
 
 An understanding of how glaciers affected the New England landscape is 
necessary long before archaeological survey and investigation into submerged 
resources takes place.  This is especially true for the marine environment over 
what used to be aerially exposed land, although it also holds true for fresh, inland 
waters.  What is known about submerged landforms and sedimentation?  What 
kinds of information are out there for archaeologists to access?  And how will 
current, archaeological predictive models fit with this information?  The 
importance of understanding the geological processes that formed today’s 
offshore environment is crucial to an archaeologist attempting to place humans on 
that landscape.  This includes using relevant data from scientific branches other 
than archaeology, such as geology and oceanography. 
Archaeologically, the effects of deglaciation were most profound for the 
New England region during the Paleoindian and Archaic cultural periods, roughly 
12,000-3,000 BP.  This time frame saw the greatest changes to the landscape as a 
result of glacio-isostasy, glacio-eustasy, relative sea level changes, transgression 
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and glacio-fluvial deposition and erosion.  Geophysical research on post-glacial 
processes by non-archaeologists initiated the interest in submerged resources, and 
drives the methodology appropriate to submerged resource study.  The technology 
available for paleoenvironmental reconstruction, however, is not sufficient to 
pinpoint a submerged, buried stone tool or a cultural feature such as a fire hearth 
with any precision during survey.  And, there is a large difference in the scales at 
which geology measures landforms, and the scales appropriate to an 
archaeological investigation of a landform.  However, archaeologists can utilize 
geological data to infer where areas of high cultural potential might be located on 
submerged topography.  I suggest using a nested approach to researching 
submerged resources beginning with a macro look at post-glacial systems and 
moving to a more micro analysis of localized areas of archaeological interest.  A 
look at post-glacial systems, however, begins with an understanding of glacial 
systems. 
Glaciation 
The volume of water available to Earth’s hydrological cycle is finite 
(100%).  The water at any given time can be in the form of salt water, fresh water, 
snow, ice or distributed in the atmosphere (Gray 1996).  Present day 
approximations are; oceans, 97.25 percent; ice, 2.05 percent; remaining sources 
(rivers, lakes, groundwater, atmosphere), .7 percent (adapted from Encyclopedia 
Britannica online).  Given these percentages it is safe to assume that during 
periods of glacier building the largest exchange is between ice and ocean water.  
Simply put, water is removed from the oceans and added, initially, to land in the 
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form of snow.  This snow then transforms to ice through a combination of 
densifying under pressure, and thawing/freezing (Menzies 2002b).  During times 
of cooling global climates glaciers are in an accumulation stage, steadily adding 
snow, transforming it to ice, and increasing their volume; spreading both 
vertically and horizontally across land and seascapes.  Ablation processes begin 
when the global climate recycles to warmer temperatures and water is lost from a 
glacier through melting, calving, evaporation, sublimation, etc (Menzies 2002b).  
At this point it is safe to assume that the greatest percentage of the water returns 
to the oceans. 
This simple exchange results in a general pattern of ice increase with sea 
level decrease during glaciation, and ice decrease with sea level increase during 
deglaciation.  The actual affects to the land, sea, and land/sea interface, however, 
are not that simple.  The most recent glacial period is commonly called the 
Wisconsinan in North America.  The Wisconsinan glacial period began about 
110,000 BP, and consisted of multiple ice sheets in areas of North America, 
Eurasia, and Antarctica (Clark and Mix 2002).  The New England region 
experienced direct contact with glacial ice.  The extent of the Laurentide ice sheet, 
the most recent glacier to cover New England, was approximately along the 
southern edges of Long Island, NY, Nantucket and Martha’s Vineyard, MA, and 
in the vicinity of the continental margin east of Cape Cod, MA, New Hampshire 
and Maine (Edwards and Merrill 1977; Ridge, et al. 1999; Skinner and Porter 
1995; Uchupi, et al. 2001) (Figure 3).  The Laurentide ice sheet reached its 
maximum extent between approximately 28,800-23,700 BP, and had retreated to 
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the vicinity of the Canadian border and northern Maine by 13,700-13,400 BP 
(Ridge 2003).  Consequently almost every land surface in New England, currently 
submerged and terrestrial, was subjected to glacial, peri-glacial, and post-glacial 
processes.    
    
     
 
 
Figure 3.  Extent of the Laurentide Glacier in the New England region (Uchupi et al. 
2001). 
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Isostasy 
Isostasy refers to the vertical equilibrium of the earth’s crust as it floats on 
the asthenosphere (Menzies 2002b).  If there are no changes to the weight 
distribution of the earth’s crust then a state of equilibrium could be reached.  
However, geological processes such as plate tectonics, volcanism, glaciation, and 
the erosion and transport of sediment, among others, continually redistributes 
weight upon the crust.  This redistribution causes fluctuations in the elevation of 
all topography.  The weight of an ice sheet causes the elastic continental crust to 
depress the viscous asthenosphere underneath it.  The load of glacial ice deforms 
the crust, and displaces the asthenosphere below so that it forms a bulge in the 
crust at the margin of the depression (Figure 4).  In the area around New England,  
this bulge, called a forebulge, has been theoretically located south and east in 
portions of the Mid Atlantic Bight, Georges Bank and the Gulf of Maine (Figure 
5) (Edwards and Merrill 1977).  The ice sheet margins to the west and north were 
well outside the boundaries of New England.   
              
 
 
Figure 4.  Continental crust forebulge at a glacial ice margin (Edwards 
and Merrill 1977). 
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When an ice sheet thaws the majority of weight deforming the crust in that 
vicinity is removed.  When the weight is removed the elevation of the land 
previously covered by ice rises in an effort to obtain equilibrium.  Hence, the 
elastic crust rebounds, the forebulge disappears, and the weight of melt water and 
transported sediment is redistributed.  The greatest amount of crustal depression is 
under the thickest ice.  As large ice sheets such as the Laurentide are non-uniform 
in thickness, local variations in crust deformation and subsequent rebound result.   
The glacial melt water discharged during thaw can take many paths.  It can 
empty directly into the sea if there was pre-existing ice contact.  It can join 
drainage systems that existed in front of glacial margins.  It can form new 
drainage systems or form pro-glacial lakes.  The melt water from the Laurentide 
Figure 5.  Theoretical location of the forebulge at the margin of the Laurentide 
Glacier in southern New England.  The dotted line represents the zone of maximum 
elevation and the numbers refer to height in meters of the forebulge slope (Edwards 
and Merrill 1977). 
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ice sheet in New England took all these forms at various times and in various 
places, yet eventually most of this water flowed back to the ocean. 
                                
 
 
Eustasy 
 Eustasy refers to the volume of water present in the world’s oceans.  When 
the Wisconsinan ice sheets were at their maximum, the volume of water in the 
world’s oceans was significantly decreased.  A global, eustatic sea level curve 
published in 1989 records a sea level magnitude of -121 (+/- 5) meters below 
present sea level during the last glacial maximum (Figure 6) (Fairbanks 1989).  
This eustatic sea level curve has been widely used to predict sea level high and 
low stands.  Recent updates to this curve are discussed later in this chapter.  As 
the glaciers began to thaw, and melt water flowed back to the oceans, the volume 
Figure 6.  Global, eustatic sea level curve (Fairbanks 1989). 
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of water increased.  Thus, at the same time that seawater volume was increasing, 
weight was being redistributed from the continental crust to the ocean’s crust.   
The result is a complex interplay of glacio-eustasy and glacio-isostasy that have 
both global and local outcomes.  Global sea level in general increased due to the 
added volume of water but glaciated areas, such as New England, underwent 
isostatic adjustments that resulted in sea level being relative to crustal weight 
redistribution. 
 
 
 
 
Relative sea level 
The relative sea level of any location in an area previously glaciated (New 
England) is a complex interaction between the processes of eustasy and isostasy.  
Figure 7.  Relative sea level curve for the Boston area illustrating a significant 
difference between relative sea level at Boston and a global, eustatic sea level (Kaye 
and Barghoorn 1964). 
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Where the shoreline is on any given coast at any given time following a glaciation 
is generally a function of which process is happening faster; water volume in the 
ocean rising (eustatic change) or land elevations rising (isostatic rebound).  If the 
water volume is increasing faster, then the coast is submerging.  If the land is 
rebounding faster, then the coast is emerging.  If the rates of eustatic and isostatic 
processes are similar, then sea level will stabilize and beach deposits will form if 
the topography is favorable. 
A relative sea level curve generated in the Boston area estimated sea level 
“at +60 feet or higher 14,000 B.P., dropping sharply to approximately -70 feet 
about 10,000 B.P.  From a low of -70 feet, sea level rose steadily to about -2 feet 
approximately 3000 years B.P.” (Kaye and Barghoorn 1964) (Figure 7).  There 
are differences in magnitude between the global level of approximately -121 m 
(-397 ft) and the local Boston level of +18 m (+60 ft) closely following the last 
glacial maximum.  The differences result from isostatic rebound at Boston.  
Deposition and Erosion 
The flow of the Laurentide ice sheet devastated the New England 
landscape, eradicating vegetation, and eroding both sediment and rock until it 
reached its maximum.  The ice sheet sides scoured the flanks of mountain ranges 
and hillsides, the base plucked material from the land surface, and subglacial 
slurry abraded it.  Water, wind, and gravity eroded landforms that rose above the 
glacier’s surface and deposited debris on top.  The material migrated through the 
ice sheet in multiple ways while in transport: (1) in suspension within water 
flowing on the surface or along the sides (supraglacial); (2) in suspension within 
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water flowing in the body of the ice sheet (englacial); (3) in suspension within 
water flowing at the base of the ice sheet (subglacial); or (4) trapped in the frozen 
matrix.  The ice sheet then redeposited the sediment and rock it had been carrying 
when it began to melt and recede. 
Sediment and rock transported by the Laurentide ice sheet defines much of 
New England’s topography today.  Deposition occurred in one of two ways; 
deposits formed in place as the glacial ice moved or melted around them, or melt 
water transported debris from the ice, and deposited it on the sides or to the front 
of the glacier during an ablation period (primary tills).  The Laurentide ice sheet 
did not melt at a steady rate, but did so sporadically: occasionally re-advancing in 
various New England locations (Koteff 1974; Uchupi 1996).  The sediment was 
redistributed after initial deposition by fluvial, marine, eolian, or gravitational 
forces (secondary till) throughout the Holocene. 
Regression 
 The term regression refers to emerging land.  Land once covered by water 
will emerge as a result of eustatic sea level lowering or isostatic rebound.  The 
boundaries of the Laurentide ice sheet extended past what is now shoreline in 
New England, and had either sea or land at its glacial margins. The post-glacial 
environment of New England experienced different rates of regression in different 
locations due to varying rates of isostatic rebound after the ice margin retreated 
northward.  The rate of regression and the transport of post-glacial sediment on 
emerging land is an important consideration for the archaeology of early human 
occupation in New England.  In areas where isostatic rebound occurred faster than 
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eustatic sea level rise portions of the now inundated continental shelf were 
exposed and available for human exploitation.     
Transgression 
 The term transgression refers to the advance of seawater over a land 
surface.  As sea level rises, either through eustasy or isostasy, coastal land 
submerges under seawater.  The process of transgression is a crucial factor to 
consider when investigating submerged resources.  Wave energy in the surf zone 
of an encroaching sea is responsible for the erosion and reworking of underlying 
sediments.  The rate of transgression and the underlying topography become 
important when projecting localized, submerged areas of stratigraphic 
preservation or erosion. 
Discussion 
 “A persistent problem in studying glacial environments is in establishing 
the relative position of land and sea in local areas.  Often isostatic and 
eustatic changes have led to repeated inundations and re-emergence of 
land surfaces, generating complex stratigraphies and landform 
assemblages.   Although the general framework of land/sea changes are 
known, much remains to be elucidated at the local scale owing to regional 
variations in mantle viscosity, ice mass volumes and marginal movements 
and local topography” [Menzies 2002a]. 
 
The post-glacial environment of New England is a geologically rich area 
of study, but is currently poorly understood (Gray 1996; Menzies 2002b; Oldale 
1986; Stone, et al. 2004).  Modern geophysical studies have advanced some 
useful generalizations about the post-glacial environment, but contradictions are 
present when trying to pinpoint post-glacial events in time and space.  As a result 
archaeologists should use geophysical data carefully.  For example, sea level 
curves produced by geophysicists are continually being refined and updated.  Sea 
  52
level curves are used to measure the rate of transgression, which figures 
prominently in estimations of coastal erosion and, thereby, embedded 
archaeological sites.   Hence, archaeologists need to apply sea level curves 
cautiously, in combination with other data sets, and understand their limitations.   
As an example, global, regional and/or local relative sea level curves have 
been applied to modeling the potential for submerged resources.  Sea level curves 
are therefore tools which are produced outside of the discipline but are used by 
archaeologists.  Inaccuracies and problems with generating sea level curves have 
been illuminated by geologists and include (1) differing base assumptions in 
calculation that result in considerable range and variety between published 
relative sea level curves (Jelgersma and Tooley 1995), (2) some sea level curves 
are models, not based on field evidence (Scott and Medioli), (3) the field evidence 
others are based on is contested (Oldale 1986), (4) relative sea level curves are 
continually being updated and revised (Oldale and Coleman 1993; Toscano and 
Macintyre 2003), and (5) older sea level curves did not take into account the 
marine reservoir effect which affects the accuracy of radiocarbon dating (Ascough 
et al. 2009). 
In a review of post 1960 sea level investigations Jelgersma and Tooley 
(1995) have identified three different base assumptions that individual scientists 
use when generating sea level curves post glaciation (Jelgersma and Tooley 
1995).  They are: (1) oscillating eustatic sea level: (2) steady sea level after 5000 
B.P.: or (3) continuously rising sea level (Jelgersma and Tooley 1995).  
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Obviously these assumptions will affect the predicted rate of transgression as well 
as predicted high stands and low stands.  
Kellogg (1988) has observed that archaeologists need to be especially careful 
when applying sea level data to archaeological problems because of the difference in 
spatial scale between geological reconstructions and archaeological reconstructions.   
“Margins of error and needs for precision vary widely, depending on the 
purposes of a particular discussion.  For example, an error of 2 m means 
little in reconstructing Pleistocene ice sheets and would represent less than 
a 2% error in estimating the low stand of sea level at glacial maximum, 
but a 2 m difference could radically alter a local geomorphological 
reconstruction developed for archaeological purposes, and could represent 
a 100% error in sea level over the last few thousand years” [Kellogg 
1988]. 
 
The differences in temporal scale between geological and archaeological inquiry also 
need to be considered.  One primary variable in modeling the retention of submerged 
landforms post-transgression is the rapidity of the movement of the sea over land.  Rapid 
sea level rise would suggest less erosion of surface sediments, and therefore more 
retention of intact deposits;  less rapid sea level rise would result in more erosion as the 
surf zone would have more time to displace surface sediments (Belknap and Kraft 1981; 
Kraft 1971; Uchupi 2001).  This certainly makes sense as general logic, but what does 
geologically ‘rapid’ mean in human terms?  Is it discernable during the course of a 
human lifetime, or across two or three generations whereby communication among 
community members addresses coastline changes, and affects cultural decision making 
and resource procurement?  Consequently, the careful and informed application of sea 
level curves to the study of submerged resources is applicable in the broad sense of 
understanding where coastal zones may have been generally located in the past.  
However, there is not yet enough known about the sedimentary history of the continental 
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shelf and current coastal zones to accurately describe local or micro environments that 
may preserve archaeological deposits. 
At present, the few projects in New England designed to locate and identify 
submerged resources have referenced an array of relative sea level curves (Coleman and 
McBride 2008; Mulholland et al. 2003; Robinson et al. 2003).  For example, Coleman 
and McBride (2008) used multiple sea level curves to determine the paleoshoreline in an 
area of the inner continental shelf off the coast of Block Island, Rhode Island.  They were 
specifically targeting the time period between 8,000 BP and 10,000 BP “…it was 
determined that the 8000 to 10,000 B.P. shorelines could be found submerged between 18 
and 26 m water depth (Stright 1995).  So this was our starting point, and a bathymetric 
contour map was generated…” (Coleman and McBride 2008:206).   
Nine vibratory cores were collected at various spots within their 15 square 
nautical mile survey area (roughly 20 square miles).  This was not a CRM contract, but a 
collaborative research project between academia, private, and public organizations and 
therefore the region of interest was not constrained by any proposed disturbance 
footprint.  While no evidence of archaeological sites was observed in the cores (which are 
less than 7.62 cm in diameter) remnant coastal features were identified.  These features 
are considered favorable locations for further research into human occupation between 
8,000 and 10,000 BP.  In this case, the use of sea level curves to project the location of 
general paleocoastline within a 20 square mile area was successful. 
There is a need for greater accuracy in predicting past sea levels within the 
constraints of a CRM project.  General concerns regarding modern climate change have 
initiated an increased study of sea level rise by the geophysical community, and updates  
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to sea level curves are being published.  For example, Fairbank’s (1989) eustatic sea level 
curve has been updated based on calibrated data and additional information (Figure 8).  
The 1989 curve was based on radiocarbon dates from Caribbean coral that only thrives at 
specific water depths (Fairbanks 1989; Toscano and Macintyre 2003).  The new curve 
used radiocarbon dates from both coral and intertidal mangrove peat, which acts to 
bracket sea level rise and provide a more accurate curve (Toscano and Macintyre 2003).   
Toscano and Macintyre (2003) also calibrated all their data sets to compensate for the 
Figure 8.  Updated global, eustatic sea level curve (Toscano and Mcintyre 2003).
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marine reservoir effect and atmospheric adjustments to radiocarbon ages, and expressed 
all dates in calendar years so as to correlate to other data sets (i.e. terrestrial or 
archaeological data).  
 “…chronological accuracy depends upon post-measurement 
correction for the Marine Reservoir Effect [MRE].  The MRE is a 
quantitative measure of the offset between the 14C activity of the 
atmospheric and oceanic carbon reservoirs at any point in time…and 
exists due to factors such as gaseous CO2 transfer times and extended 
internal circulation of water masses while separated from atmospheric 
contact” [Ascough et al. 2009].   
 
In addition, Toscano and Macintyre’s (2003) curve recognized that that data sets 
used to generate sea level curves, including their own, did not correct for glacio-hydro-
isostatic effects in the Caribbean.  It has been assumed that the Caribbean was a stable 
tectonic area and would not require such corrections, but Toscano and Macintrye (2003) 
report that recent research was suggesting that there were isostatic adjustments in the 
Caribbean.  Glacio-hydro-isostatic differential adjustments had not been quantitatively 
defined at the time of their study and, therefore, could not be used to further refine 
Fairbank’s curve.  Despite the need for further refinement, the updated eustatic sea level 
curve indicates that the coral and peat used to estimate paleo-sea levels are older than 
originally thought, especially between 3,000-11,000 BP (Toscano and Macintyre 2003). 
Geologists have modeled the preservation potential of sediment deposits on the 
Atlantic continental shelf post-marine transgression, and have generally concluded that 
deposits on the outer continental shelf stand a better chance of remaining undisturbed 
than those on the inner shelf and in present coastal zones (Belknap and Kraft 1981; Kraft 
1971; Uchupi 2001).  In all instances the conclusion that this hypothesis needs further 
testing is universal, although the authors do not go into detail as to how or why.  
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Regardless, this model has been cited by archaeologists attempting to predict the 
likelihood of intact submerged resources (Coleman 2008a; Coleman and McBride 2008; 
Stright 1986).  I present some specific variables that need to be addressed when using this 
model to predict submerged site locations in New England: (1) the location of the field 
samples collected for testing the model: (2) the complexity of multiple factors acting 
upon the landscape: and (3) the extent of the exposed area available for human 
occupation contained landscapes that were not coastal at the time of exposure. 
The widely used model of sediment transport during transgression was developed 
using data from the continental shelf off the mid-Atlantic states of Maryland and 
Delaware (Belknap and Kraft 1981).  This area was not glaciated during the Wisconsinan 
glacial period.  As a result, the post-glacial processes affecting the environment of New 
England, including now submerged portions of the continental shelf, were not active in 
the vicinity tested.  This includes melt water erosion, the transport of sediment, glacial 
lakes and their subsequent drainage, and patterns of eolian sediment transport on 
previously glaciated areas.  These processes did not impact the mid-Atlantic shelf as they 
did areas of New England.  All these processes were active agents on the landscape of 
New England well after the ice receded.  They were shaping the exposed landscape that 
humans might have inhabited far inland from the paleo coastal zones. 
Belknap and Kraft’s (Belknap and Kraft 1981) model was developed to explore 
the relationship between a transgressing sea and coastal sediments.  Coastal sediments 
usually consist of complex systems of beach, dune, marsh, lagoon and estuaries.  The 
relationship of these features within the system change dependant on the location of the 
sea, and it was an effort to map these changes over the course of the Pleistocene and 
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Holocene sea level rise that drove the inception of the model.  Many of these features, 
beaches and dunes in particular, would be extremely susceptible to erosion while other 
features, such as estuary and marsh deposits would be less so (Stright 1986). 
 Interestingly, the presence of fragile coastal features preserved in some of the 
sediment cores collected by Coleman and McBride in Rhode Island is at odds with the 
model of sediment preservation offered by Belknap and Kraft (1981).  This model stated 
that preservation of these features is more likely on the outer continental shelf (Belknap 
and Kraft 1981).  While Uchupi et al. (2001) have shown that flood deposits from the 
catastrophic drainage of glacial lakes in New England are preserved on the outer 
continental shelf, the few projects on the inner shelf of New England, including Coleman 
and McBride (2008) and those discussed in Chapter 2, prove that intact deposits exist 
there too, and should not be overlooked (Coleman and McBride 2008; Uchupi et al. 
2001).   
Careful consideration needs to be given to this model when projecting the 
presence or absence potential of submerged resources as the preservation potential model 
does not address inland susceptibility to transgression.  In other words, what is the 
preservation potential of established floodplain or forest sediments as the sea encroaches?  
These environments undoubtedly built up on the exposed shelf while sea level was low.  
And given the evidence of human occupation on today’s landscape dating back to the 
Paleoindian period (12,000-10,000 BP) it is safe to assume they were utilizing the 
extensive landscape between the current coastal zone and the paleo coastal zone.  
Geologists admit that this model is simplistic, and more coring needs to be done to test it 
(Belknap and Kraft 1981).  There are additional factors beyond the rate of transgression 
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that will affect landform preservation such as “wave energy, sediment supply, resistance 
to erosion, pre-existing topography and tidal range” (Belknap and Kraft 1981:430). 
At present, many of the geophysical models are theoretical, as are the 
predictions of the presence or absence of submerged resources.  Julie Brigham-
Grette (personal communication 2004) has pointed out that the last 20 years have 
been very important to the discipline of glacial geology.  Glacial history was 
previously extrapolated from pre-Cambrian bedrock rather than direct field 
observation of glacial deposits.  Since glaciations wipe out any terrestrial, 
sedimentary evidence of previous glaciations, study of the marine environment 
has become a new science for glacial geologists and sedimentologists as the 
marine environment records all glaciations.  Only continued investigation in 
underwater contexts by both geophysical researchers and archaeologists will 
move us from theoretical models to evidence 
Methodology 
Predictive Models 
 The predictive model that is currently applied to pre-Contact, 
archaeological investigations of New England is based on an environmental 
model combining aspects of topography, sediment, and climate.  Additionally, 
settlement patterns based on data from reported regional and local archaeological 
sites are coupled with the environmental model to predict site locations.  The 
assumption underlying the predictive model was developed through theories of 
cultural ecology discussed in Chapter 2.   
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This assumption asserts that communities that rely on hunting and 
foraging, as existed in the Paleoindian and Archaic periods (12,000-3,000 BP), 
will adopt resource procurement strategies that offer the greatest gain with an 
overall minimum amount of effort, while maintaining group well-being (Jochim 
1976).  Based on this least-effort strategy, the site location predictive model is 
used to rank geographical areas into high, moderate or low archaeologically 
sensitive zones.  These zones link environmental factors with cultural behavior 
extrapolated from excavated sites.  The widely used model considers the 
following criteria: (1) proximity to fresh water, (2) topographical slope, (3) 
sediment drainage properties and (4) temperature. (Stewart 2002). 
High sensitivity 
Areas of high archaeological sensitivity are considered to include criteria 
 of:  
1) <300 m (1,000 ft) from a fresh water source 
2) topographical slope of <8 percent 
3) well drained, dry soils 
4) south facing and/or protected from prevailing winds 
5) proximity to perennial or seasonal subsistence resource (adapted from 
Jochim 1976) 
 
Moderate sensitivity 
Areas of moderate archaeological sensitivity are considered to include 
criteria of: 
 1) >300 m (1,000 ft) from a fresh water source 
 2) topographical slope of <12 percent 
3) well drained, dry soils 
4) proximity to perennial or seasonal subsistence resource (adapted from 
Jochim 1976) 
 
Low sensitivity 
 Areas of low archaeological sensitivity are considered to include criteria 
 of: 
 1) >300 m (1,000 ft) from a fresh water source 
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 2) topographical slope of >15 percent 
 3) poorly drained soil (adapted from Jochim 1976) 
 
While use of this predictive model has been shown to be effective, the site 
files at all New England historic preservation offices attest to this, there are 
inherent biases in these standards.  For example; hunting game may require 
setting up overnight camps in an upland setting that would not meet the criteria 
for high or medium potential.  The model is skewed toward expectations of larger 
and/or longer-term settlements.  Other exceptions to these general site standards 
would include lithic source quarries or features such as fish weirs.  I know of no 
predictive model for locating these sites.  Instead, individual characteristics of the 
topography present within the physical confines of an archaeological survey 
would need to be assessed.   
While a detailed critique of predictive models is beyond the scope of this 
dissertation, recognition of some problems intrinsic to applying the model to submerged 
resources is necessary.  “Working from the known to the unknown is clearly sensible and 
is perhaps the only reasonable way forward, but it presumes that the known we are 
working from is an accurate guide to the unknown.  We must remain suspicious of this 
presumption” (Firth 2004).  As previously noted in Chapter 2, most evidence of marine 
coastal settlement and resource procurement prior to approximately 5,000 BP is 
underwater.  Archaeological sites currently on the coast may date to a time around 5,000 
BP, but certainly any marine coastal sites of an older period such as Paleoindian (12,000-
10,000 BP) are fully submerged.  As a result, there are no terrestrial analogies from 
which to model coastal settlement patterns and marine subsistence of the Paleoindian 
time period (12,000-10,000 BP).  I discuss this problem in more detail in Chapter 6.  It is 
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possible, however, that this model will hold up underwater.  Consequently, until 
submerged resources are more fully researched and understood, the predictive model 
used in terrestrial survey must suffice.   
Two areas of North America where applying the terrestrial predictive 
model met with success are the gulf coast of Florida and the west coast of Canada 
(Dunbar, et al. 1992; Faught 2002; Fedje and Christensen 1999; Fedje 2000; Fedje 
and Josenhans 2000).  Researchers in Florida predicted submerged site locations 
based on frequency and distribution of known sites on the adjacent coastal plain.  
The topographical and hydrographical conditions of the near shore environment 
off the gulf coast of Florida are similar to the extant coastal conditions.  The Gulf 
of Mexico experienced a eustatic sea level change post-glaciation, but did not 
incur the same sedimentary changes that a glaciated region did.  Therefore, visual 
survey was sufficient to test the terrestrial model of site location underwater given 
the lack of sediment overburden.  Numerous archaeological deposits were 
recorded over multiple field seasons surveying the near shore environment 
(Dunbar, et al. 1992; Faught 1996, 2002).   
“Other than being located in the Gulf of Mexico, the sites which have been 
investigated fit the land-based distribution model.  Offshore sites were 
encountered near the predicted topographical targets, even though the 
marine environment made things look unfamiliar…The predictability of 
sites further offshore, in deeper water, is not expected to conform to land-
based modeling because geohydrolic conditions and resource potentials 
differed closer to the paleoshorelines” [Dunbar, et al. 1992]. 
 
In contrast to Florida’s location far south of the glacial margins, the Queen 
Charlotte Islands and the continental shelf of British Columbia experienced glacial and 
post-glacial conditions similar to New England.  The Gwaii Haanes Archaeological 
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Project, initiated in 1992, is a multidisciplinary, multi-year study in paleoenvironmental 
reconstruction and archaeological investigation (Fedje and Christensen 1999; Fedje and 
Josenhans 2000).  The project located paleoshorelines both on land (a result of 
regression) and offshore (a result of transgression).  The paleoshorelines offshore were 
mapped using high resolution digital terrain imaging, and areas of archaeological 
potential using terrestrial predictive models were targeted (Figure 9).   
Figure 9.  Sun-illuminated and color-enhanced digital terrain image of Werner Bay 
based on EM 3000 multibeam swath bathymetry.  Geological features and the 
locations of a buried, drowned forest and submerged archaeological site are indicated 
(Fedje and Josenhans 2000). 
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Sampling of the seafloor in one of the areas targeted as having archaeological 
potential revealed evidence of a in situ drowned forest and a stone tool buried beneath 
post-glacial sediments at 53 m (174 feet) below mean sea level (Fedje 2000).  The 
success of applying predictive models in near shore environments in Florida and British 
Columbia suggest that a similar approach taken in New England would be advisable.  
The methodological applicability and differences between glaciated and unglaciated 
regions are discussed in Chapter 6, but a summary of available methodology is presented 
below.   
Survey methodology 
 Both remote technology and SCUBA have allowed us to view the underwater 
environment more closely than at any other time in human history.  Seeing this 
environment, either remotely or directly, is greatly enhancing our understanding of its 
history and of contemporary processes affecting it.  The last few decades have seen an 
advance in the technology available to survey the underwater environment. On land, 
topographical maps are usually used in combination with a ‘walkover’ to get an idea of 
where high potential landforms are located within an archaeological project area.  Low 
visibility, danger from currents, boat traffic, tide activity, and high cost often make the 
equivalent of a walkover in the underwater environment difficult, if not impossible.  
Instead, archaeologists need to make use of the technology and resources utilized in 
marine geophysical survey, coupled with a predictive model, in order to target areas of 
archaeological potential.   
 The exact methodological steps followed will depend on the nature of the 
submerged resource study.  An academic or grant driven research project asking 
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fundamental questions about the presence or absence of submerged resources (Coleman 
and McBride 2008) may apply a different methodological approach than a CRM project 
with precise boundaries in a specific location (Lynch, et al. 2004; Robinson and Waller 
2002).  The following is a summary of methodological procedures that can be used to 
survey New England waters.  Application of the various methods is dependant on 
characteristics of the location to be studied and the parameters of the project itself.  
Pre-survey background research 
 Like terrestrial projects, all underwater archaeology must begin with background 
research.  Local and regional archaeological site files should be accessed and would be 
imperative if the underwater survey area is under inland waters or on the inner 
continental shelf.  Any reports of artifacts being recovered or observed by sport divers, 
the fishing industry, marine researchers or other maritime activities should be 
investigated.  Reports of dredged artifacts are present in every New England state as 
reviewed in Chapter 2.  These reports may be in state site files, databases and/or 
consultation with collectors, fisherman, and local landowners.   
 The topography of a project area can also be researched prior to any field 
investigation.  Bathymetry charts are available for the entire Atlantic coast and often 
more intensely navigated waters, such as Boston Harbor, MA or Narragansett Bay, RI 
will have highly detailed charts available.  Submerged landscape features such as major 
river channels and large lakes, ponds or kettle holes may be discernable from a 
comparison of water depths on bathymetric charts.  More detailed seafloor maps, 
generated from high resolution, multibeam swath bathymetry, may be available 
depending on location.   
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Swath bathymetry uses one sonar system to integrate bathymetry and multibeam 
side scan imagery, resulting in a detailed three dimensional plan view of submerged 
terrain (see Figure 9).  The technology for developing swath bathymetry and the 
computer software necessary to generate three dimensional seafloor maps from the data is 
relatively new.  Therefore, pre-existing, high resolution, swath bathymetry maps may 
only be available for locations where recent geophysical survey has taken place.  The 
National Oceanic and Atmospheric Administration (NOAA) maintains an online resource 
called the National Geophysical Data Center at http://www.ngdc.noaa.gov/.  This data 
center has accessible bathymetric maps and geophysical data from many locations.  The 
Google Earth program provides an ocean layer that shows features such as the continental 
shelf, deltas, and near shore drainage systems quite clearly.   Google Earth’s utility was 
recently revealed by the discovery of a stone fish weir in Cardigan Bay, clearly visible off 
the west coast of Wales (Figure 10) (Allen 2009).   
Local relative sea level curves, if they exist, are necessary for a temporal 
understanding of the relationship between paleoshorelines and exposed land available for 
human exploitation.  Fortunately, New England is a well-studied region, and local sea 
level curves have been generated for much of its coastline.  As previously noted, the rate 
of marine transgression, inferred from sea level curves, likely plays an important role in 
the preservation of archaeological sites.  Consulting local sea level curves is a necessary 
first step in surveying for submerged resources.  Bathymetric charts, bottom topography, 
and sea level curves allow for a macro view of submerged terrain.  In some areas details  
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on bottom sediments and their stratigraphic profile may be available through public 
access to archived databases.  These databases contain details on marine cores and 
bottom samples taken during numerous past geophysical surveys.  Two primary 
databases that can be searched for previously obtained data in an archaeological project 
area include; 1) World Data Center for Marine Geology and Geophysics, Boulder, CO, 
http://www.ngdc.noaa.gov/wdc/usa/mgg.html and 2) USGS east coast sediment analysis 
database, http://woodshole.er.usgs.gov/openfile/of2005-1001/index.htm.   
Finally, technical reports and publications resulting from geophysical surveys 
may be accessed prior to embarking on an archaeological survey for submerged 
Figure 10.  Google Earth image of a stone fish weir in Cardigan Bay, Wales (Allen 
2009). 
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resources.  The Minerals Management Service (MMS), a branch of the U.S. Department 
of the Interior, maintains a library of searchable reports in pdf format through their 
Environmental Studies Program (ESP).  As a federal agency, the MMS is responsible for 
managing cultural resources as part of any project associated with their offshore oil and 
gas program.  The ESP Information System is grouped geographically with all project 
reports undertaken in the Atlantic and can be accessed at 
https://www.gomr.mms.gov/homepg/espis/espisfront.asp.  These reports may contain 
information that is applicable to survey for submerged resources in a given location.  The 
background research conducted prior to survey has the potential to yield a tremendous 
amount of information about an archaeological project area, and minimally allows an 
archaeologist to target high and moderate sensitivity zones for survey. 
Survey 
There are various methodological techniques available to survey for submerged 
resources.  Some are highly technical pieces of equipment that require specialists to run 
and process the data.  Others are very similar to land archaeology, and can be undertaken 
by a diving archaeologist.  Some don’t require diving at all, and take place either in the 
field or in a lab post-survey.  The remote sensing techniques most useful for submerged 
resource survey are sidescan sonar and subbottom profiling.  When used in conjunction 
with each other these instruments produce data sets that are analogous to ‘pictures’ of 
both the seabed and underlying sediments.  Again, this data does not necessarily reveal 
the presence of archaeological sites.  It is used instead to infer where landforms 
appropriate to archaeological investigation are.  Once high and moderate sensitivity zones 
are located, physical retrieval of sediment is necessary to determine if archaeological 
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deposits are present.  Intrinsic to gathering remote sensing data is precise navigation 
correlations.  Global Positioning System (GPS) coordinates are integrated in available 
technology and result in accurate and precise locations and relationships of imaged 
features.  I outline the various techniques below, but reserve analysis until Chapter 6. 
Remote sensing equipment and optical imaging equipment can be deployed using 
various platforms.  The appropriate platform or method will be dependant on individual 
project needs and locations.  Water depth and the size of the project area are variables 
that need to be considered when choosing a platform or method.  The simplest method is 
to tow a sensor behind a boat.  Under the right conditions, multiple sensors can be towed 
at the same time.  In the case of towing a sensor, each sensor is its own platform.  
Otherwise, a platform is a vehicle that carries remote sensing equipment.  Some 
platforms can carry multiple sensors and optical equipment.  Platforms that are not towed 
can be either remotely operated (ROV, remotely operated vehicle) or autonomous (AUV, 
autonomous underwater vehicle).   
Side scan sonar 
 Side scan sonar is a system used to create images of bottom topography.  They are 
not optical images, such as a video recording, but instead the system records the timing 
and amplitude of sound wave reflections.  The system has to travel in the water column 
far enough above the bottom to avoid hitting any obstacles.  Therefore, sound waves are 
emitted at a downward angle from both sides of the sonar system in order to capture the 
bottom topography (Figure 11).  The sound waves (acoustic signal) travel through the 
water until they encounter an obstacle, then are reflected back to the sonar system.  
Features that protrude above the seafloor, such as paleoshorelines or rock outcrops, cast 
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an acoustic shadow.  The length and depth of the shadow indicates the length and height 
of the obstacle.  Side scan sonars can be low, high, or dual frequency.  The frequency and 
the strength of the return of the acoustic signal indicates the composition of the seafloor 
sediment.  Rock will return a strong signal, while mud returns a much weaker one.  While 
exact sediment composition may not be discernable, relative differences in bottom 
composition can be. 
 
                               
 Figure 11.  Schematic illustrating the downward angle of sound waves emitted 
from a side scan sonar towfish (in yellow).  The sonar image generated from the 
sound waves, identifying features on the sea bed, is shown below the colored 
graphic (USGS 2007). 
  71
   
 
 
 
 
 
Sub bottom profiler 
 A sub bottom profiler also uses sound to identify targets.  This sensor penetrates 
the bottom sediment with sound waves that identify sediment composition through 
differential reflection.  The characteristics of silt, sand, clay, gravel and bedrock are 
discernable.  The image produced by a sub bottom profiler is similar to a stratigraphic, 
terrestrial wall profile (Figure 12).  The data from sub bottom profiling is currently the 
most useful for submerged resource projects in New England as inundated archaeological 
Figure 12.  Boston Harbor sub bottom profile,  The sound waves penetrating the sea 
bed are able to differentiate between sediment characteristics such as relative grain 
size and compaction.  The acoustic basement seen on the right indicates bedrock ledge 
(Ocean Surveys, Inc 2003). 
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sites would most likely be buried under layers of both paleo terrestrial sediment and 
marine sediment.  If buried paleosols are identified or suspected, physical sampling 
should be done to confirm their presence. 
Physical sampling 
 Physical sampling of sediments from an inundated context is necessary to confirm 
the presence or absence of buried paleosols and possible archaeological deposits.  
Remote sensing techniques are useful in locating buried paleosols, but are not yet precise 
enough to pinpoint most archaeological features or artifacts.  Physical sampling can be 
accomplished in a number of different ways.  Coring sediments is the best method to 
determine if buried paleosols are present while maintaining stratigraphic integrity.  
Sediment cores can be retrieved by divers using hand cores or through mechanical means.  
The variables of individual projects, such as water depth, sediment depth, sediment 
composition, and sediment compaction, will influence which coring method is 
appropriate.  Surface sediments can be retrieved using either grab samplers or dredging 
equipment.  Grab samplers usually collect the equivalent of a bucketful while dredge 
operations can move large quantities of sediment.  Neither of these methods retains 
stratigraphic integrity or archaeological integrity.  Any method of physical sampling can 
be used to “ground truth” a sonar target.  
Visual survey 
 Visual survey can be conducted remotely or by direct diver observation.  Optical 
imaging equipment for still photography or video can be mounted on either ROVs or 
AUVs for remote access to a submerged location.  The variables of individual projects 
will again determine the appropriate method.  Water depth, currents, and the size of a 
  73
project area are all variables to consider.  If diver observation is advisable for survey, 
then the methods used are similar to land archaeology but would be constrained by 
visibility.  Hand fanning bottom sediments or using a handheld induction dredge (similar 
to a vacuum) will reveal shallow deposits.  Remote imaging or diver observation is also 
used to ground truth sonar targets, dependant again on individual project variables.   
Magnetic Susceptibility 
   Magnetic susceptibility tests on cores retrieved from areas suspected to contain 
buried paleosols might prove useful in identifying archaeological deposits from 
submerged contexts.  Magnetic susceptibility testing on cores may become the best 
indicator of potential anthropogenic surfaces in a sediment profile that otherwise lacks 
clear distinctions.  Generally speaking, the magnetic properties of sediment are dependent 
on its composition, transport, deposition and local environmental factors.  Organic 
content lowers a soil or sediment’s magnetic susceptibility while heating (burning) raises 
it (Evans and Heller 2003; Gale and Hoare 1991).  When magnetic susceptibility testing 
is used on a core sample, the relative magnetism of sediment or soil layers will be 
revealed.  Occurrences of higher or lower susceptibility on a portion of a core sample that 
may not be visually stratified may indicate the presence of a former anthropogenic land 
surface.  Organic content and evidence of burning activity may be anthropogenic and a 
magnetic signature may provide proxy data that archaeological deposits are nearby. 
 The survey methodology presented here is concerned with determining the 
presence or absence of archaeological deposits in a submerged context in New England.  
Presentation of excavation methodology is beyond the scope of this dissertation.  Many 
of the techniques presented in Chapter 3 were employed by the University of 
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Massachusetts Archaeological Services during a survey for submerged resources in 
Boston Harbor, MA.  The following chapter presents the Boston Harbor project as a case 
study of research for submerged resources in New England. 
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CHAPTER 4 
 
BOSTON HARBOR NAVIGATION IMPROVEMENT PROJECT 
 The Boston Harbor Navigation Improvement project was a CRM archaeological 
survey undertaken prior to proposed improvements to the main commercial shipping 
channel in Boston Harbor, MA.  From west to east, the survey area consisted of a single 
location in the Mystic River, and a continuous length of the seafloor from Pier 6 in 
Boston’s Inner Harbor to the eastern end of the North Channel (Figure 13).  The shipping 
channel is a relict channel of the Charles River, once aerially exposed.  Proposed 
modifications to the shipping channel included dredging to increase its width and depth, 
and subsequent disposal of the dredged materials.  The survey vicinity in the Mystic 
River was the proposed deposit site for the dredge spoils, and is located adjacent to other 
contained aquatic disposal (CAD) cells in the river.  The purpose of the CRM project was 
to evaluate the archaeological sensitivity of any areas impacted during dredging 
operations.  The project evaluated both the pre-Contact and historic archaeological 
sensitivity of the proposed impact area.  The following chapter summarizes the portion of 
the project connected with submerged pre-Contact resources only.  Three technical 
reports were reviewed to produce this summary; 1) Geophysical Explorations: Remote 
Sensing Archaeological Survey and Geologic Interpretation Boston Harbor Navigation 
Improvement Study Boston, Massachusetts (OSI 2003), 2) Remote Sensing 
Archaeological Survey and Geologic Interpretation Boston Harbor Navigation 
Improvement Study Boston Harbor, Boston, Massachusetts (Mulholland, et al. 2003), and 
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3) Archaeological Subsurface Testing for the Boston Harbor Navigation Improvement 
Study Boston Harbor, Boston, Massachusetts (Lynch, et al. 2004). 
       
 
 
Figure 13.  Survey area of the Boston Harbor Navigation Improvement project.  
Yellow boxed areas indicate zones of high archaeological potential.  (Adapted from 
Ocean Surveys, Inc. 2003). 
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The CRM firm Archaeological Services at the University of Massachusetts, 
Amherst, hereafter called Archaeological Services, conducted the survey.  Archaeological 
Services conducted a remote sensing survey for Battelle Memorial Institute (BMI) on 
behalf of the U.S. Army Corps of Engineers (USACE).  Subsurface testing, following the 
analysis of the remote sensing data, was conducted by Archaeological Services for GEI 
Consultants, Inc. of Winchester, MA, on behalf of the USACE.  Both remote sensing and 
subsurface testing were conducted in consultation with the Massachusetts State 
Underwater Archaeologist Victor Mastone.  Archaeological Services conducts 
archaeological surveys in accordance with Federal and State legislation.  Investigations 
comply with legislation and regulations concerning the impact to archaeological 
resources from federal or state funded or permitted activities.  The laws and regulations 
pertaining to underwater archaeological resources are reviewed in Chapter 5 of this 
dissertation, and include all the pertinent legislation mandating the Boston Harbor 
Navigation Improvement project.  
Methodology 
The Boston Harbor Navigation Improvement study was conducted in two stages.  
During the first stage Archaeological Services staff paired remote sensing data with 
archaeological and geophysical background research in order to apply a predictive model 
for pre-Contact site locations.  The second stage employed vibratory cores to test areas of 
predicted high archaeological sensitivity identified after analysis of the data collected 
during the first stage.  A local sea level curve for northern Massachusetts was used as the 
baseline for modeling sea level rise that inundated the survey area (Figure 14).  This 
curve was generated by a study of the sedimentary records of salt marsh peat from the  
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northeastern United States by Donnelly (Donnelly 2000). Graphic representations of the 
location of the marine coastline in relation to the survey area as sea level was rising were 
produced to facilitate an understanding of the inundation process (Figure 15).  Figure 15 
was produced using calendrical dates designated “ka”, meaning kilo annum or 1,000 
years (9 ka is 9,000 years before present).   
Figure 14.  Northern Massachusetts sea level curve used to model paleocoastlines 
for the Boston Harbor Navigation Improvement project, developed by Donnelly and 
reproduced in Mulholland 2003 (Mulholland et al. 2003). 
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Figure 15.  Representation of sea level at 9 ka, 8 ka, 7 ka, 6ka, 4 ka, and modern day, 
developed by Donnelly and reproduced in Mulholland 2003 (Adapted from 
Mulholland et al. 2003). 
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Using this sea level curve, it was extrapolated that the entire survey area was 
exposed at 9 ka when sea level was approximately 20 m below the modern level (Figure 
15).  At 8 ka, sea level was approximately 16 m below modern level, and the marine 
coastline just overlaps the eastern end of the survey area (Figure 15).  At 7 ka sea level 
was approximately 12 m below modern level, and much of the North Channel, President 
Roads, and eastern portions of the Charles River became tidal (Figure 15).  The marine 
coastline, however, was still east of modern Boston Harbor.  At 6 ka the sea level was 
approximately eight meters below modern level, more of the Charles River becomes 
tidal, and the marine coastline begins to encroach upon the modern Boston Harbor region 
(Figure 15).  By 4 ka, when sea level was approximately four meters below modern level, 
the entire survey area was inundated (Figure 15).  Much of the low-lying topography 
within modern Boston Harbor was also inundated, and the environment adjacent to the 
survey area would have been estuarine.  Figure 15 shows the modern sea level and 
marine coastline (Figure 15).  Modeling the local sea level curve lay the foundation for 
investigating submerged resources.  The staff at Archaeological Services then completed 
a series of research tasks in order to evaluate the archaeological sensitivity of the project 
area.  The archaeological research tasks were as follows: 
Task 1.  A remote sensing survey, including precise navigation, magnetometer, 
side scan sonar, and sub bottom profiler of all possible impact areas. 
 
Task 2.  Analysis of data collected in Task 1.  In addition, a literature search to 
determine what is known about possible significant Native American or historic 
sites in the proposed impact area. 
 
Task 3.  Preparation and submission of a report covering the results of Tasks 1 
and 2 and including recommendations based on the findings (Mulholland, et al. 
2003). 
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Task 1-Remote Sensing Archaeological Survey 
 The remote sensing survey, identified as archaeological Task 1, was completed by 
a team from Ocean Surveys, Inc. (OSI) in conjunction with archaeologists from 
Archaeological Services.  The objectives as laid out by OSI were: 1) the identification of 
acoustic targets and magnetic anomalies in support of a marine archaeological assessment 
and 2) the delineation of areas containing shallow bedrock and coarse glacial till that 
might adversely affect dredging operations (OSI 2003).  Task 1 was completed over two 
field sessions, from September 24-October 8, 2002 and from February 6-9, 2003.  OSI 
completed four geophysical tasks in order to fulfill their objectives.  The geophysical 
tasks were:  
1.  Side scan sonar surveys to identify geomorphologic variations, and natural and 
man made objects on the bottom. 
 
2.  Sub bottom profile surveys to delineate subsurface stratigraphy, and depth to 
bedrock within 3.05-6.1 m (10-20 ft) of the channel bottom. 
 
3.  Marine magnetometer surveys to map the overall magnetic field gradient 
caused by the earth, and local ferrous materials on or below the bottom. 
 
4.  Sediment grab samples to acquire representative samples of bottom sediments 
for ground truthing acoustic data (OSI 2003). 
   
 Ocean Survey Inc.’s objectives were twofold; to identify potential archaeological 
targets, and to assess the position of bedrock and compact glacial till prior to dredging.  
This is an example of combining archaeological research needs with geophysical needs, 
thereby reducing overall costs.  The vertical impact of the proposed dredging was defined 
at 16.76 m (55 ft) below the Mean Lower Low Water (MLLW) datum established by the 
USACE.  MLLW refers to the average of lower low water heights of each tidal day 
recorded over a 19 year period.  This 19 year period is known as the National Tidal  
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Datum Epoch (NOAA 2010c).  The measurement of 16.76 m (55 ft) was referred to as 
the ‘depth of interest’ (OSI 2003).  A 15.24 m (50 ft) water depth is needed for large 
container and bulk vessels to pass in and out of Boston Harbor efficiently and is the 
impetus behind the navigation improvement project.  Since the bottom topography is not 
level or uniform, a geophysical survey was necessary to identify where dredging and/or 
blasting would be needed.  Bathymetric contours show water depths greater than 16.76 m 
(55 ft) in regions of the survey area (Figure 16).  In all regions where bathymetric 
contours do not exceed 16.76 m (55 ft), the nature of the bottom sediment stratigraphy 
needed to be assessed prior to dredging.  In addition to potential archaeological resources, 
the location of bedrock or compact gravelly, glacial tills needed to be established in order 
to know how to proceed with the modifications to the channel.  The survey area covered 
a total length of 6.8 nautical miles (7.8 miles).  Track lines for the survey were at 15.24 m 
(50 ft) intervals, and ran either perpendicular or parallel to the length of the survey area.  
Track lines refer to the actual paths the research vessel traveled while collecting data.  
Approximately 200 nautical miles (230.2 miles) were covered in this manner.  Side scan 
sonar and sub bottom profiling data were obtained on every third track line.   
The track lines and seismic reading locations were controlled utilizing a Trimble 
DMS 21 Differential Global Positioning System (DGPS).  The geodetic coordinates were 
referenced to the WGS-84 datum (World Geodetic System established in 1984).  
Differential corrections were received from the U.S. Coast guard reference beacon at 
Chatham, MA.  Position data was logged at one second intervals along the track lines.  
The navigation software on board the vessel converted the geodetic coordinates (latitude 
/longitude) to Massachusetts State Plane Coordinates NAD 83 (easting/northing).  These 
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coordinates were then converted to NAD 27.  All coordinates shown in figures or 
provided in the text are NAD 27.  A quick review of geophysical tasks one-four, 
including survey results, follows. 
1. Side scan sonar 
 The side scan sonar system used on the Boston Harbor project was a Datasonics 
SIS-1500 Chirp side scan sonar system.  The system operates at 200 kHz and captured 
high resolution acoustic images of the seafloor at a total sweep range of 50 m (164 ft).  
This sweep range allowed for overlapping coverage of sonar imagery on either side of a 
track line (45.72 m [50 ft] interval between track lines with a 25 m [82 ft] coverage to 
either side on each pass).  A sonar mosaic of the entire survey area was obtained.  
Individual targets of interest, and the general surficial, geomorphologic trend of the 
harbor within the bounds of the project were revealed.  The individual targets identified 
were all of historic interest and are not reviewed here.  The geomorphologic trends were 
of interest in order to pinpoint regions of high archaeological sensitivity for submerged, 
pre-Contact resources.            
2. Sub bottom profiles 
 The sub bottom profiler system used in Boston Harbor was an EdgeTech GeoStar 
high frequency 2-26 kHz Chirp Sub bottom profiler.  The profiler identified sediment 
stratigraphy and bedrock surface along every third track line.  Bedrock or coarse glacial 
till is considered an acoustic basement as the profiler does not penetrate these surfaces.  
The sediment layers overlying bedrock or coarse till were characterized (Figure 17).  OSI 
achieved a high percentage of sub bottom data recovery across the survey area.  Areas of 
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bedrock and coarse glacial till within the target elevation of 16.76 m (55 ft) below 
MLLW were identified.  Organic-rich sediments were also identified. 
                
 
 
 
3. Magnetic Intensity measurements   
The marine magnetometer survey mapping the overall magnetic field gradient on 
or below the bottom of the project area was not included in identifying areas of pre-
Figure 17.  Characterization of sediments that exist in Boston Harbor (upper), and 
the corresponding seismic returns of the stratigraphic units (lower) (Ocean 
Surveys, Inc. 2003).
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Contact site sensitivity.   Its purpose was to record the presence or absence of man made 
structures containing ferrous material, such as shipwrecks, and is not reviewed here.   
4. Sediment grab samples 
 Sediment grab samples were used to ground truth the surficial, side scan sonar 
data.  A 9” WildCo Ponor grab sampler was used to provide visual identification of 
unconsolidated, surficial sediments.  These samples are only capable of retrieving a small 
amount of surface sediment.   The sediment descriptions were used to correlate the 
reflectivity of the acoustic data with direct observation.  Four sediment samples were 
retrieved from the survey area (Figure 18).  These samples were described, photographed, 
and then discarded. 
Results 
   In general, the side scan sonar data revealed bedrock or surface sediments that 
were coarse-grained (sand, gravel and larger cobbles) to the east of Deer Island Light, 
called the North Channel, and finer-grained to the west of Deer Island light (Figure 13).  
The North Channel is considered one of two main entrances to Boston Harbor.  Both 
entrances are northeast-trending depressions, and are the deepest portions of Boston 
Harbor (Knebel and Circe 1995).  The North Channel is a relict channel of the Charles 
River.  “The close proximity of the North Channel to adjacent shoals comprised of 
bedrock and the funneling of tidal currents around Deer Island Light and these shoals are 
factors which likely maintain a relatively hard, resistant seabed along the harbor 
approach” (OSI 2003:11).  The interpretation of side scan data by OSI is in agreement  
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with a broad assessment of Boston Harbor and Massachusetts Bay sediments by the 
United States Geological Survey (USGS) (Knebel and Circe 1995).   
The USGS has mapped the distribution of sedimentary environments for Boston 
Harbor and the inner and outer continental shelf of Massachusetts Bay.  Multiple side 
scan sonar records and supplemental marine geologic data were interpreted and combined 
to produce a map of the seafloor sediments characterized by the three following 
environments: 
“1.  Environments of erosion or nondeposition comprise exposures of 
bedrock, glacial drift, coarse lag deposits and possibly coastal plain rocks 
that contain sediments (where present) ranging from boulder fields to 
gravelly sands and occur in areas of relatively strong currents. 
 
2.   Environments of deposition contain fine-grained sediments ranging 
from muddy sands to muds that have accumulated in areas of predominately 
weak bottom currents. 
 
3.  Environments of sediment reworking contain patches with textures 
ranging from sandy gravels to muds that have been produced by a 
combination of erosion and deposition in areas with variable bottom 
currents” (Knebel and Circe 1995:230). 
  
The North Channel region of the survey area is characterized by the USGS as 
either “sediment reworking” environments or “erosion or nondeposition” environments 
(Figure 19).   Therefore, the North Channel portion of the survey area east of Deer Island 
can be characterized as a patchy environment of either reworked sediment or erosion.  
One sediment grab sample was retrieved from the North Channel vicinity and was 
labeled G1 (Figure 20).  Sediment sample G1 was recovered at GPS location N 493921, 
E 753890 at a water depth of 12.5 m (41 ft).  Two attempts were made to obtain a sample, 
the second attempt was successful with approximately 1/15th of the nine inch bucket  
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recovered.  The sample consisted of gravel, and cobble sized material along with one blue 
mussel shell fragment (OSI 2003:Appendix B).   
Figure 19.  USGS sedimentary environments of Boston Harbor and the inner 
continental shelf of Massachusetts Bay (Knebel and Circe 1995). 
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Localized patches of coarse-grained sediment and areas of bedrock at or near the 
seabed surface are also present west of Deer Island Light, the portion of the survey area 
that occurs inside Boston Harbor, an estuarine environment.  Knebel and Circe identify 
Boston Harbor as a “depositional trap for fine-grained sediments because it is protected 
from large waves, has generally weak and variable tidal currents, and receives a large 
supply of fine-grained detritus from natural and anthropogenic sources” (Knebel and 
Circe 1995:230).  The side scan survey results and the USGS map show patches of 
deposition, erosion, and reworked sediment in this portion of the survey area.  Overall, 
however, the sediment thins in the Inner Harbor region west of navigation buoys Green 
Figure 20.  Sediment grab sample G1 from the North Channel (Ocean Surveys, Inc. 
2003). 
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#3 and Red #4 within the survey area (Figure 21).  The topography slopes upward (east to 
west) in this vicinity and a veneer of thin, aqueous sediment drapes bedrock and till 
where they appear near the seafloor surface.   
        
Figure 21.  Location of navigation buoys Green #3 and Red #4 in Boston’s 
inner harbor.  Sediment deposits thin west of these buoys (Adapted from 
NOAA navigation chart #13272). 
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Three sediment grab samples were retrieved from the estuarine portion of the 
survey area, labeled G2, G3 and G4.  Sediment grab G2 (Figure 22) was retrieved from 
the center of the harbor at N 486916, E 743000 from a water depth of 13.72 m (45 ft).  
Approximately 1/8th of the nine inch bucket was recovered.  The sample consisted of 
poorly sorted clay, sand, gravel, and cobble sized material with shell hash inclusions (OSI 
2003:Appendix B).  Sediment grab G3 (Figure 23) was retrieved from the western edge 
of the harbor, near shore to Castle Island, at N 486561, E 735115 from a water depth of 
12.5 m (41 ft).  Approximately 5/6th of the nine inch bucket was recovered.  The sample 
consisted of a thin, gray-brown silt layer over black silt-clay and had a strong odor (OSI 
2003:Appendix B).  
                     
Figure 22.  Sediment grab sample G2 from President Roads (Ocean Surveys, 
Inc. 2003). 
  93
                     
 
 
 
 
Sediment grab sample G4 (Figure 24) was retrieved from the mouth of the estuary 
just west of the confluence of the Charles, Mystic, and Chelsea Rivers at N491551, E 
729050 from a water depth of 12.8 m (42 ft).  Approximately 3/4s of the nine inch bucket 
was recovered.  The sample consisted of a thin, gray-brown silt layer over black silt-clay 
and had a strong odor (OSI 2003:Appendix B).  The dredge spoil deposit site in the 
Mystic River revealed generally fine-grained sediment with some coarser material in the 
northeast corner of the site.  No sediment grab samples were retrieved from the Mystic 
River. 
Figure 23. Sediment grab sample G3 from the Castle Island vicinity (Ocean 
Surveys, Inc. 2003). 
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It is important to keep in mind that the sediment environments characterized by 
side scan sonar data and sediment grabs are surficial, not buried.  The USGS study was 
undertaken in an effort to understand modern sediment patterns and distribution because 
of concerns relating to sewage effluent and waste disposal contaminants.  An analysis of 
the results from the Boston Harbor project considered in conjunction with the USGS 
mapping is presented in Chapter 6. 
  The sub bottom profiling results showed diverse bottom topography across the 
survey area.  Bedrock and compact, coarse, glacial till are at or near the seafloor surface  
 
Figure 24.  Sediment grab sample G4 from the Castle Island vicinity (Ocean 
Surveys, Inc. 2003). 
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in some locations.  Thick deposits of marine glacial clay with no evidence of an acoustic  
basement are present in others.  Organic-rich sediment, and assorted sands and gravels 
are also identified.  Organic-rich sediments trap air causing reduced seismic penetration, 
and, for a marine geologist, might be considered problematic due to the lack of data on an 
acoustic basement.  For the purposes of archaeology, however, organic-rich sediment 
becomes a target for submerged resource study.  Bedrock or glacial till close to the 
seafloor can also be indicators of geological features such as rock ledges, drumlins or 
eskers that may act as impediments to erosion during transgression and/or suggest 
landscape features that may have been attractive to humans during times of aerial 
exposure.  The regions where both organic-rich sediment and an acoustic basement were 
recorded at less than 16.76 m (55 ft) MLLW are shown in Figure 25. 
The North Channel vicinity of the survey area shown in Figure 25 reveals two 
distinct areas of acoustic basement occurring within 16.76 m (55 ft) of MLLW.  A sub 
bottom profile image (Figure 12) was recorded at the location shown in Figure 25 as 
“North Channel Sub Bottom Profile”.  This sub bottom image, coupled with the side scan 
sonar results and bathymetric data, exemplify the complexity of bottom sediment 
stratigraphy across this area.  In general, bedrock ledge trends east-northeast amid 
multiple rocky shoals.  The North Channel (relict Charles River and the survey area) cuts 
through the rock and till, with hummocky shoals predominant east of the channel (Figure 
26).  
The vicinity of President Roads, shown in Figure 13, reveals a very different 
sediment sequence.  Thick deposits of marine glacial clay blanket the acoustic basement, 
which only appears in a few sporadic locations at elevations shallower than 16.76 m 
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Figure 26.  Bathymetry of Massachusetts Bay east of Boston’s inner harbor 
illustrating hummocky, submerged topography (NOAA navigation chart 13267). 
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(55 ft) MLLW.  Relatively thin marine deposits cover the glacio-marine clay as shown in 
the sub bottom image in Figure 27.  The inner harbor in the vicinity of Castle Island 
revealed a combination of acoustic basement close to the seafloor surface and organic 
rich sediment.  This corresponds well with the side scan sonar data that suggests that 
bedrock or glacial till slopes upward from east to west.  The areas of acoustic basement 
close to the seafloor surface are primarily at the mouth of the riverine system that flows 
into Boston Harbor and has been heavily utilized since colonial times (Figure 28).  
Shipping and prior dredging undoubtedly attribute to the lack of bottom sediment in this 
region.  The areas of poor seismic penetration, and therefore potentially organic-rich 
sediments, occurred between the deep stratigraphy of President Roads to the east and the 
upward slope of acoustic basement to the west. 
            
Figure 27.  Sub bottom profile from President Roads vicinity in Boston Harbor 
(Ocean Surveys, Inc. 2003). 
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The dredge spoil deposit site in the Mystic River was impacted by previous 
activity.  A cable crossing bisects the location and two prior CAD cells overlap the 
proposed boundaries.  Also, a portion of the site may have been previously dredged.  
However, the southeast corner and flanks of the cable crossing were predicted to be 
undisturbed (Figure 29).  No sub bottom results were obtained in the Mystic River due to 
poor seismic penetration.  The sediment was interpreted as being too organic-rich to 
provide a return.  All sub bottom results were analyzed in conjunction with the side scan 
data and bathymetric charts. 
 
             
Figure 28.  Sub bottom profile from the mouth of the riverine system in the vicinity 
of Castle Island in Boston’s inner harbor (Ocean Surveys, Inc. 2003). 
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Figure 29.  Portion of the survey area of the Boston Harbor Navigation Improvement 
project in the Mystic River.  Brown areas represent organic-rich sediment or 
acoustic basement at less than 16.76 m (55 ft).  Yellow area represents former 
estuarine deposits.  Boxed areas indicate zones of high archaeological potential 
(Adapted from Ocean Surveys, Inc. 2003). 
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Task 2.  Archaeological background research, marine geophysics and data analysis 
 
The staff at Archaeological Services conducted background research by 
employing the following methods:  
1. “Researching historical documents, state and federal records, cultural resource 
management reports and the archaeological literature to determine the location 
of reported contact and pre-contact period Native American sites.  The 
archaeological literature was researched to determine the characteristics of the 
types of sites that might be expected to occur within the project area. 
 
2. Researching archaeological site inventories maintained by the MHC to 
determine site locational patterns in the Boston Harbor environment. 
 
3. Stratifying the project area using environmental factors known to be 
associated with aboriginal sites. 
 
4. Conducting interviews with experts on underwater archaeology, coastal 
geologists, local informants, amateur archaeologists, and other individuals or 
offices knowledgeable about Native American history of the area of 
investigation. 
 
5. Canvassing staff of the State Historic Preservation Offices and boards of 
underwater archaeology of all the states on the eastern coast of the United 
States for a history of finds of Native American sites in submerged contexts” 
(Mulholland, et al. 2003:6). 
 
Document research 
 The document research provided information about pre-Contact Native American 
occupation of eastern Massachusetts and Boston Harbor.  The earliest known period of 
habitation in the region was the Paleoindian period (12,000-10,000 BP).  Documented 
Paleoindian sites are rare in eastern Massachusetts, but had been recorded in the region.  
The Neponset site in Canton, MA, the Bull Brook site in Ipswich, MA and the 
Wapanucket site in Middleborough, MA are examples of archaeological sites where 
diagnostic evidence of Paleoindian occupation had been found (Byers 1954; Donta 
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2005a, 2005b, 2006; Robbins 1980).  No Paleoindian sites had been recorded on the 
islands in Boston Harbor (Mulholland, et al. 2003).   
 Evidence of the Early Archaic Period (10,000-8000 BP) is also rare in eastern 
Massachusetts.  Although not numerous, the greatest density of Early Archaic sites is 
located along the Tauton and Merrimack Rivers.  No Early Archaic sites had been 
recorded on the islands in Boston Harbor (Mulholland, et al. 2003).  Archaeological 
evidence for occupation of the region during the Middle Archaic period (8000-6000 BP) 
is greater than the preceding periods.  A variety of site locations, tool assemblages, and 
faunal remains suggest an increased population and multi-site seasonal settlement system 
had been developed, which may account for the increase in sites relative to the 
Paleoindian and Early Archaic periods (Dincauze and Mulholland 1977; Mulholland 
1984).  Three Middle Archaic sites had been recorded from the Boston Harbor Islands 
and all are associated with wetlands (Luedtke 1975; McHargue 1996; Mulholland, et al. 
2003). 
 According to the sea level curve utilized for the Boston Harbor Navigation 
Improvement project, the marine coastline would have approached its current position by 
4 ka (Figure 15).  By 3,000 BP it is likely that sea level had approached modern levels 
and potentially stabilized.  Therefore, archaeological sites dating to the Late Archaic 
period (6,000-3,000 BP) may also be present in inundated contexts.  Late Archaic period 
sites are more common in the archaeological record for the region than previous periods 
(Mulholland, et al. 2003; Mulholland 1984).  A rise in population density, increased 
specialization, and exploitation of a wide range of resources is interpreted for this time 
period (Dincauze 1975; Mulholland 1984).  Large shell middens and fish weirs 
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associated with the Late Archaic begin to appear in coastal locations (Bourque 1976; 
Dincauze and Decima 1998; Johnson 1949).  Both these features may be discernable by 
remote sensing.  Ten Late Archaic sites have been recorded on the Boston Harbor Islands 
(Casjens 1976; Dincauze 1973; Luedtke 1975; Mulholland, et al. 2003).  Four of these 
sites have been associated with wetlands and three are associated with freshwater ponds. 
Marine geophysics 
 The potential impact of multiple, geophysical processes on the survey area were 
assessed during the Boston Harbor Navigation Improvement project.  They included 
wave action, longshore currents, rip currents, circulation patterns, tidal range, wind 
direction, and storm impacts.  Wave action, longshore currents, and rip currents are most 
destructive to shore and bottom sediment in high energy zones such as occurs along the 
outer shore of Cape Cod.  As previously noted by Knebel, the Boston Harbor 
environment tends toward deposition rather than erosion, making Boston Harbor a low 
energy environment (Knebel and Circe 1995).  These factors were recognized as being 
potential erosion agents during transgression, but do not greatly impact the survey area in 
modern times.  Wind circulation and direction affect wave height and energy.  The 
prevailing winds for the Boston Harbor area are from southwest to northwest 
(Mulholland, et al. 2003).  From these directions the wind is often against the tide, 
lessening wave action.  The exception to this is during storm events when winds can 
approach from the east and northeast (nor’easters).  During storm events wave height can 
exceed 2 m (6.6 ft) at the mouth of Boston Harbor and cause reworking of the bottom 
sediments (Knebel, et al. 1991).  Within Boston Harbor, however, wave heights are less, 
even during storm activity.  Individual storms would be impossible to identify through 
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available paleoenvironmental data, but their potential affect on paleotopography was 
assessed. 
 A modern, mean tidal range of 2.9 m (9.5 ft) computed by NOAA was considered 
for Boston Harbor.  Tidal currents inside Boston harbor are highly variable as a result of 
its irregular bottom topography (Knebel, et al. 1991).  In sheltered areas and over subtidal 
flats, as occur in Boston Harbor, bottom currents are relatively mild and do not greatly 
affect bottom sediment.  A paleoenvironmental reconstructive model of tidal range at 7 
ka proposes it was 1.1 m (3.6 ft) less than the present range (Gehrels et al. 1995).  
Gehrels (1995) reports that tidal range is influenced by shelf width and basin 
configuration, both decreased at 7 ka in comparison to today’s shelf width and basin 
configuration due to the lower sea level.  Tidal range and wave energy were taken into 
account when predicting areas of archaeological sensitivity within the survey area. 
Predictive model 
 A predictive model based on environmental attributes and incorporating site 
location details learned through the document research was applied to the survey area.  
An assumption was made that the site locational patterns observed on land could be 
projected to offshore locations.  A list of criteria for determining the archaeological 
potential of the survey area, following the document review and analysis of the remote 
sensing data, follows: 
1.  Proximity to an ancient (but now inundated) water course or supply of fresh 
water. 
 
2.  Topographic features such as slope, aspect, relative elevation and barriers to 
prevailing winds and seas. 
 
3.  Landforms such as ancient shorelines, relict streambeds and terraces, knolls, 
etc. 
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4.  Proximity to areas where Native American artifacts have been recovered or 
sites reported (e.g., from fishing activities, dredging, actual archaeological 
surveys, etc.). 
 
5.  Proximity to now-inundated seasonal or perennial subsistence resources 
(inundated wetlands, ponds, estuaries, etc.). 
 
6.  Proximity to sources of raw materials (from geological data on bedrock 
outcrops, boulders, etc.). 
 
7.  Depths beneath maritime sediments that are below the depths of proposed 
impacts (Mulholland, et al. 2003). 
 
The analysis of the remote sensing data paired with the predictive model based on 
background research of known pre-Contact archaeological sites in the Boston Harbor 
area resulted in the identification of three areas of archaeological interest considered to 
have high sensitivity and a chance for preservation of paleosols in the survey area.  The 
three areas shared some or all of the following common environmental and geologic 
characteristics: 
1.  Protected from wind (in the lee of islands or barrier beaches). 
 
2.  Deeply buried in alluvium along river or streambeds that could have survived 
transgression. 
 
3.  In a proximity to an ancient water body (river, lake, stream, pond etc.). 
 
4.  On level to slightly sloping ground. 
 
5.  On soils that would have been well drained (glacial outwash). 
 
6.  In the vicinity of lithic raw material sources (Mulholland, et al. 2003). 
 
In addition to these geological and environmental characteristics established 
during the determination of archaeological sensitivity within the survey area, past 
dredging operations were also considered.  While the exact extent of all dredge 
operations in historic times is uncertain, modern, recorded disturbances to the survey area 
  106
were accounted for.  Finally, a maximum depth of 16.76 m (55 ft) below MLLW was 
imposed on any determination of archaeological potential (previously identified in this 
chapter as the depth of interest).  This is beyond the maximum extent that would need to 
be impacted in order for large container and bulk vessels to move efficiently in and out of 
Boston Harbor.  The three areas deemed to have a high potential of archaeological 
sensitivity were the north side of the North Channel, the vicinity of Castle Island at the 
confluence of the Mystic, Charles, and Chelsea Rivers, and the disposal site in the Mystic 
River (Figure 13). 
North Channel 
The North Channel is at the easternmost end of the survey area and is one of two 
main entrances into Boston Harbor.  The channel follows the ancient Charles River 
channel and was aerially exposed during the Late Pleistocene and Early Holocene 
occupation of New England.  The bedrock ledges and hummocky topography to the east 
of this channel were considered likely barriers to transgression energy and storm winds.  
The floodplain terraces of the ancient Charles River may also contain deep alluvium 
deposits that survived transgression and preserved buried archaeological sites.  It was 
known that the south side of the North Channel has been dredged, but it was unknown 
whether this occurred along the north side.  Four vibratory cores were recommended to 
be extracted from the north side of the North Channel to determine the presence or 
absence of buried paleosols.  The areas to be cored were those consisting of 
unconsolidated sands and gravels identified during remote sensing (Figure 13). 
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Castle Island vicinity, west end 
The western end of the survey area is in the Castle Island vicinity: the entrance to 
the Port of Boston just east of the confluence of the Mystic, Charles, and Chelsea Rivers.  
Logan Airport borders the survey area to the north.  It was unknown how much dredging 
and damage to bottom sediments may have taken place in this vicinity.  Remote sensing 
in this region showed an upward sloping acoustic basement with patches of organic-rich 
sediment deposits bordered by unconsolidated sands and gravels.  The organic-rich 
sediments were interpreted as estuarine deposits and four vibratory cores were 
recommended to test various loci of sands and gravels located along the perimeter of 
these estuarine deposits (Figure 13). 
Mystic River 
The disposal site in the Mystic River had been previously impacted by the 
installment of a utility cable, prior dredging, and overlapping CAD cells from earlier 
disposals.  However, portions of the site on either side of the cable crossing were 
presumed to be undisturbed.  Most of the sediment in this area was interpreted as 
estuarine due to the lack of sub bottom penetration.  One small patch of acoustic 
basement was detected in the northeast quadrant and identified as either bedrock or 
coarse glacial till.  Two vibratory cores were recommended to detect buried alluvial or 
organic deposits along the edge of the acoustic basement (Figure 29). 
Subsurface testing of archaeologically sensitive areas 
 The second stage of the Boston Harbor Navigation Improvement project included 
subsurface testing of areas determined to have high archaeological sensitivity following 
the analysis of data collected during the first stage of the project.  Subsurface testing was 
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conducted through the extraction of nine vibratory cores.  The cores were then analyzed 
for stratigraphic integrity and evidence of inundated archaeological resources.  Both 
visual means and magnetic susceptibility were used to attempt to detect buried soil 
horizons.  Profiles of visible stratigraphy were recorded and the magnetic susceptibility 
was plotted and graphically reproduced. The magnetic susceptibility reliably detected 
changes in stratigraphy.  Likely sediments were then screened for artifacts.  Both the 
profiles and magnetic susceptibility readings are described later in this chapter. 
Archaeological Services conducted the subsurface testing for GEI Consultants, 
Inc. on behalf of the USACE.  The vibratory coring equipment, coring technicians, 
research vessel, and tender vessel were supplied by TG & B Marine Services.  I joined 
the project at this point as an underwater archaeologist with experience in New England 
pre-Contact history and material culture.  I was aboard during coring operations, and was 
responsible for the core analysis and report production of the subsurface testing.       
Vibratory cores 
The general locations for vibratory coring had been located by the staff at 
Archaeological Services in conjunction with OSI as seen in Figure 13 and Figure 29.  The 
USACE provided predetermined GPS coordinates for exact coring locations within the 
boundaries specified by Archaeological Services as having high archaeological potential 
(Table 1).  Predetermined GPS coordinates based on bathymetry, remote sensing data, 
and a predictive model were considered essential given the lack of visible landscape 
features.  Seafloor topography, location, and reference points cannot be ascertained from 
the deck of a boat. 
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Nine vibratory cores were collected over a three-day period, September 10-12, 
2003.  Vibratory cores were numbered sequentially beginning with 101 and labeled with 
the prefix VC.  The cores numbers were assigned to the predetermined GPS coordinates 
beginning at the eastern most point in the North Channel (VC-101) and ending at the 
western most point in the Mystic River (VC-109).  VC-101, VC-102, VC-103, and VC-
104 were collected from the north side of the North Channel. VC-105, VC-106, and VC-
107 were collected from the Castle Island area, and VC-108 and VC-109 were collected 
from the Mystic River.  At the time of extraction the field coordinate locations were 
recorded by TG & B Marine Services using real-time differential GPS.  Water depth, 
time of day, and the core recovery (length of the tube with visible sediment) were also 
recorded for each core (Table 2).  Field conditions caused some actual field coordinates 
to vary from the predetermined locations, but all cores were extracted within the areas of 
high archaeological sensitivity determined by Archaeological Services. 
 
Table 1.     USACE GPS core targets. 
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Methodology 
Two vessels were used during coring operations, the main research vessel Buoy 
Maker (a chartered buoy tender equipped with a hydraulic A-frame) and a small tender 
vessel owned by TG & B Marine Services.  The crew aboard the tender vessel were 
responsible for locating the predetermined GPS coordinates and dropping a marker buoy 
on the spot.  The Buoy Maker would then anchor so that the marker buoy was directly off 
the bow.  The vibratory core mechanism was encased in a metal frame and suspended 
within the hydraulic A-frame on the bow of the Buoy Maker (Figure 30).  During 
operation the frame was lowered to the bottom with the vessel's winch.  Air provided by 
an onboard generator was turned on and coring proceeded until full penetration was 
achieved or refused.  The pipe and frame then were pulled back to the deck of the Buoy 
Maker and the core tube was removed from the core pipe. 
        
   
 
Figure 30.  Vibratory coring mechanism encased in a frame and suspended from the 
hydraulic A-frame mounted on the bow of the Buoy Maker (photo taken by Kerry 
Lynch at Mystic River core location 2003). 
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Sediment cores were collected using a pneumatically-driven vibratory core  
system.  The vibratory core system consists of a vibrating piston (six inch diameter) that 
is mounted at the top of the core pipe.  The entire “head” assembly weighs 500 lbs.  The 
piston is actuated with air provided by a 125 cfm air compressor and fed to the piston via 
1 1/2 inch hose. The head assembly and stainless steel core pipe are supported in the 
vertical position by a tripod-shaped frame with a 10 ft x 10 ft base mounted at the bow of 
the vessel. Guide pipes allow the unit to slide vertically down, driving the pipe into the 
bottom.  Polycarbonate core tubes, 2 5/8 inch inner diameter, are encased in the core 
pipe.  The continuous core is collected in the core tubes, nominally 3.05 m (10 ft) long. A 
“finger” style core catcher helps retain the sample in the tube.  In addition, a piston is 
positioned within the tube one to two inches above the bottom.  The piston remains in 
place via a wire through the pipe secured to the top of the frame.  This provides suction to 
assist penetration and recovery (retainage).  An overview of the coring methodology is as 
follows: 
 “1.  Tender vessel placed a marker buoy at a GPS coordinate 
 
2.  Research vessel anchored off both the bow and stern in order to remain stable 
during the coring process. 
 
3.  The core housing was prepared by inserting a core puller (a plug device 
designed to aid in drawing sediment into the core and allowing it to stay in place 
while the core is being raised) into a 2 5/8” tube. The tube then was inserted into a 
slightly larger stainless steel tube.  
 
4.  The stainless steel core tube was then clamped to the inside of the core housing 
frame. 
  
5.  The frame was lowered into the water, using a hydraulic A-frame, until it was 
determined that the frame rested on the ocean floor. 
 
6.  A generator fueled a vibrating, pneumatic hammer that forced the core tube 
into the bottom sediment. 
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7.  The hydraulics then raised the frame back to the bow of the vessel and the 
frame was re-secured. 
 
8.  The stainless steel core housing was then removed from the frame and the 
inner acrylic tube was retrieved by hand. 
 
9.  The core puller plug was removed and both ends were capped and taped 
securely” (Lynch, et al. 2004:4). 
 
Coring began in the Castle Island vicinity at the western end of the survey area on 
September 10, 2003.  Two cores (VC-106 and VC-107) were successfully extracted 
(Figure 31).  VC-105 was not able to penetrate the bottom and bedrock or extremely 
compact clay were assumed to be the problem.  The survey began in the North Channel 
on September 11, 2003.   The areas between and leeward of the bedrock or till ledges 
were delineated as coring boundaries because it was hypothesized that these 
topographical features would act to protect sediments from being eroded during oceanic 
transgression.  Cores VC-101 and VC-102 were designated for the area between the 
ledges (Figure 31). 
The Buoy Maker attempted anchorage at the coordinates for VC-102, but was 
unsuccessful due to soft bottom conditions.  The vessel then drifted back along the 
channel until the anchor caught on hard sediments.  At this point the vessel was roughly 
southwest and approximately 152 m (500 ft) from the proposed core coordinates.  This 
location was estimated to still be within the boundaries of high archaeological potential 
so core VC-102 was retrieved at this location.  The Buoy Maker then moved north to 
extract VC-101.  Anchorage and coring were successful at this location. 
The wind increased considerably after extracting VC-101 and VC-102, making 
anchoring and coring dangerous.  Operations were aborted in the North Channel and  
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moved to the relatively protected Castle Island area where the sea and weather conditions 
were more manageable. The Buoy Maker anchored at the location where VC-105 had 
been unsuccessful the day before.  This time retrieval was successful (VC-105A), 
although the sediment yield was only 88 cm (2.9 ft) as compared to above 200 cm (6.6 ft) 
for the majority of the other cores (Table 2).  The compact clays and/or rock that had 
resulted in the vibratory core refusal the day before undoubtedly contributed to this 
(Figure 31). 
The survey resumed in the North Channel on September 12, 2003.  The seas were 
calmer, although the research vessel had to lay off Deer Island in the morning until a 
heavy fog bank cleared.  Cores VC-103 and VC-104 were collected with no difficulty 
(Figure 31).  After completing operations in the North Channel the team traveled to the 
Mystic River to retrieve the final two cores.  VC-108 and VC-109 were extracted from 
the Mystic River with no difficulties (Figure 31).  The nine vibratory cores encased in 2 
5/8 in polycarbonate tubes that were extracted from Boston Harbor and the Mystic River 
were then transported to Archaeological Services at the University of Massachusetts for 
analysis. 
Core analysis 
 The polycarbonate core housings were split lengthwise using a table saw to score 
most of the way through.  The remaining portion was finished manually with a utility 
knife.  A knife was then used to cut the sediment in half the length of the core.  All cores 
were drawn in profile and the sediments described.  Marine geologist Jeffrey Donnelly of 
the Woods Hole Oceanographic Institution evaluated the sediment and concluded that all 
clay present in the cores was consistent with Late Holocene estuarine deposits in Boston 
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Harbor (Lynch, et al. 2004).  All the sediments that were not clay were screened through 
1/8-inch mesh to recover any potential artifacts.   
 Magnetic signatures from five of the nine vibratory cores collected (VC-101-VC-
105) were measured using a Bartington MS2 magnetic susceptibility instrument.  The 
instrument took readings at 5 mm increments, factoring in the ambient air magnetism 
with each reading.  The readings were then corrected to account for any fluctuations in 
the air magnetism and plotted on a scatter point graph.  The magnetic characteristics of 
each sediment layer relative to those around it reveal anomalies and/or trends which are 
useful in archaeological analysis.  This process allowed for comparative analysis between 
sediments within each core, and between cores.  The magnetic susceptibility tests were 
run by myself and Mark Besonen of the University of Massachusetts Geosciences 
Department.   
Magnetic susceptibility has been successfully applied to archaeological deposits 
in order to record buried, cultural features and anthropogenic soils that had been burned, 
heated or modified through landscaping activity (Evans and Heller 2003).  Evans and 
Heller report on an archaeological site in England where the circular outlines of multiple, 
buried funeral pyres were successfully mapped using magnetic susceptibility (Evans and 
Heller 2003).  Precise details of archaeological deposits have been able to be ascertained 
through the use of magnetic susceptibility.  The exact type of fuel used in domestic fire 
hearths on the Isle of Lewis in Scotland was determined through a combination of 
magnetic susceptibility and other measurements of magnetic properties.  It was 
determined “that well-humidified peat was the dominant fuel source for thousands of 
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years.  This implies a stable system of managing the peat’s banks involving issues of 
ownership and organization…” (Evans and Heller 2003;240).   
The application of magnetic susceptibility to the vibratory cores collected in 
Boston Harbor was an attempt to use this technology to determine if there were buried 
organic or burn layers not visible to the naked eye.  This was recommended by glacial 
geologist Dr. Julie Brigham-Grette of the Geosciences Department at the University of 
Massachusetts, Amherst.  Dr. Brigham-Grette has used this technique in situations where 
relict land surfaces are indiscernible from surrounding sediment in marine cores.  Such 
conditions may be caused by excessive leaching, long-term inundation, and organic or 
chemical pollutants (Julie Brigham-Grette, personal communication). 
Results 
 The following are the results of the visual analysis of the cores, plus stated results 
of the magnetic susceptibility analysis (reproduced from Lynch et al., 2004).  Magnetic 
susceptibility analysis was conducted only on cores VC-101-VC-105A. Cores VC-106-
VC-109 were all clay and clearly non-cultural. 
 
VC-101 North Channel (Figure 31): The upper portion of this core, from 1-13 cm 
(.43 ft),  was a dark gray medium sand and gravel (Munsell 5Y 4/1) that 
transitioned abruptly to the next layer.  This was an olive gray clay with an orange 
hue (Munsell 5Y 4/2) that extended to 39 cm (1.28 ft).  This had a gradual 
transition into a dark gray clay (Munsell 5Y 4/1) with fine sand inclusions of 
Munsell 5Y 3/1, very dark gray and Munsell 2.5Y 4/0 dark gray clay with 228 cm 
(7.5 ft) as the extent of the core.  No cultural material was recovered (Figure 32). 
 
Magnetic Susceptibility Results (Figure 33):  This core was analyzed to a depth of 
228 cm (7.5 ft).   The results from this core show many fluctuations between 
higher and lower susceptibility that were indiscernible during visual profiling, but 
no major trends are present.  Some minor trends are apparent, such as the olive 
gray clay with an orange hue to 40 cm that shows more closely spaced 
fluctuations.  Also, the sand and gravel inclusions from 0-160 cm show more 
variation in fluctuation than the clay without the inclusions (160-228 cm).  The 
  118
fluctuations from 160-228 cm are interpreted as a result of faint banding 
sequences in ancient, visually homogenous marine clay and are not cultural or 
other organic land surfaces.  
 
VC-102 North Channel (Figure 31):  The upper portion of this core from 1-15 cm 
(.5 ft) was a dark olive gray sand and gravel (Munsell 5Y 3/2) with clay and 
organic inclusions that transitioned abruptly to the next layer.  This was an olive 
gray clay with an orange hue (Munsell 5Y 4/2) that extended to 40 cm (1.3 ft).  
This had a gradual transition into dark gray clay (Munsell 5Y 4/1) with 232 cm 
(7.6 ft) as the extent of the core.  Ten small coal and slag fragments were 
recovered from 1-15 cm  (.5 ft) as well as one tiny glass fragment and a round 
paper sticker that was 11mm in diameter.  The coal and glass are somewhat water 
worn. The artifacts are interpreted as material that fell off a passing vessel, or 
entered the harbor on ice rafts. No inundated soil horizons were observed (Figure 
34).  
 
Magnetic Susceptibility Results (Figure 35):  This core was analyzed to a depth of 
140 cm.  Sand and gravel from 1-15 has a very low magnetic susceptibility 
possibly indicating a high incidence of organics.  Beneath this layer, a layer of 
olive gray clay with orange mottling corresponds with a steady incline of 
magnetic susceptibility until it gradates into dark clay around 40 cm.  The 
susceptibility from 40 cm to about 95 cm is fairly steady with little relative 
fluctuations.  The fluctuations increase below 95 cm due to tiny sand inclusions 
and lenses throughout the rest of the otherwise homogeneous clay. No cultural or 
other organic land surfaces were evident. 
  
VC-103 North Channel (Figure 31):  The upper portion of this core from 1-7 cm 
(.23 ft) was a very dark gray silty sand and gravel (Munsell 5Y 3/1) with clay 
inclusions that transitioned abruptly to the next layer.  This was an olive gray clay 
with an orange hue (Munsell 5Y 4/2) and fine sand inclusions that extended to 
228 cm (7.5 ft).  This had a gradual transition into dark gray clay (5Y 4/1) with 
270 cm (8.9 ft) as the extent of the core. No inundated soil horizons were 
observed. No cultural material was recovered (Figure 36). 
 
Magnetic Susceptibility Results (Figure 37):  This core was analyzed to a depth of 
150 cm.  Some major trends in magnetic susceptibility are evident in this core.  
From roughly 0-90 cm the olive gray clay is mottled with orange, and veined 
throughout with gray.  This is reflected by magnetic fluctuations that are less 
closely spaced and relatively stable than in the next section (90-122 cm).  
Between 90-122 cm the clay is sequentially banded with narrow gradations of 
dark to light and incline, then decline, over a fairly short length.  Thicker 
sequentially banded gradations of dark to light result in the trend seen from 122-
150 cm. This trend is only discernable in relation to the previous section.  No 
cultural or other organic land surfaces were evident. 
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VC-104 North Channel (Figure 31):  The upper portion of this core from 1-68 cm 
(2.2 ft) was a very dark gray silty sand and gravel (Munsell 5Y 3/1) with clay 
inclusions that transitioned abruptly to the next layer.  This second layer was a 
dark gray clay (Munsell 5Y 4/1) with fine sand inclusions that extended to 270 cm 
(8.9 ft). No inundated soil horizons were observed. No cultural material was 
recovered (Figure 38). 
 
Magnetic Susceptibility Results (Figure 39):  This core was analyzed to a depth of 
270 cm.  The two trends evident in this core are the very closely spaced and 
extreme fluctuations of the sand and gravel with clay inclusions from 0-68 cm and 
the smaller fluctuations and wider spacing indicating relatively homogeneous clay 
with tiny sand inclusions from 68-270 cm. No cultural or other organic land 
surfaces were evident. 
 
VC-105A Castle Island (Figure 31):  The upper portion of this core from 1-8 cm 
(.26 ft) was a dark olive gray medium sand (Munsell 5Y 3/2) that transitioned 
abruptly to the next layer.  This was a dark gray medium sand with clay (2.5Y 
4/0) that extended to 15 cm (.5 ft).  Below this was an abrupt transition to dark 
gray clay (Munsell 2.5Y 4/0) to 22 cm (.72 ft) that was clear from the texture 
only, as the color remained very similar.  23-88 cm (.75-2.89 ft) was an olive gray 
clay with an orange hue (Munsell 5Y 4/2).  This was the extent of the core.  Two 
enigmatic chips of stone were recovered from 1-10 cm (.33 ft).  One chip has a 
morphology similar to a striking platform on a micro flake resulting from stone 
tool manufacture, the other possibly the terminus end of a micro flake.  It is 
inconclusive that either or both are fragments of Native inspired artifacts. No 
inundated soil horizons were observed (Figure 40). 
 
Magnetic Susceptibility Results  (Figure 41):  This core was analyzed to a depth 
of 88 cm.  This short core had the clearest visual stratigraphy of the nine cores 
collected.  The differences in color and texture between layers and between the 
banding sequences within one clay layer correlated well with the magnetic 
susceptibility results.  The medium sand from 0-15 cm is in marked contrast to the 
clays between 15 and 26 cm, which is shown as a steady incline in magnetic 
susceptibility.  From 27-88 cm the olive gray clay with an orange hue was clearly 
banded in sequences gradating from dark to light.  Each banded gradation begins 
at a lower susceptibility relative to itself, then inclines slightly before ending with 
a dramatic spike.  These fluctuations can be seen at 28-37.5 cm, 37.5-48 cm, 48-
56 cm, 56-68 cm, 68-75.5 cm, 75.5-78 cm, 78-83 cm and 83-88 cm. No cultural 
or other organic land surfaces were evident. 
 
VC-106 Castle Island (Figure 31):  From 1-180 cm (5.9 ft) this core consisted of a 
dark gray clay with an alternating light and dark banding sequence (Munsell 5Y 
4/1). A depth of 180 cm (5.9 ft) was the extent of the core. Because this core was 
clay magnetic susceptibility was not run.  No inundated soil horizons were 
observed. No cultural material was recovered (Figure 42). 
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VC-107 Castle Island (Figure 31):  The upper portion of this core from 1-33 cm 
(1.08 ft) was a black slightly sandy silt and clay (Munsell 2.5Y 2/0) that 
transitioned abruptly to the next layer.  This was an olive gray clay (Munsell 5Y 
4/2) that extended to 285 cm (9.35 ft). Because this core was clay magnetic 
susceptibility was not run.  Twenty nine small coal and slag fragments were 
recovered from 10-30 cm (.33-.98 ft) as well as one brick fragment.  The brick 
fragment shows evidence of attached marine growth.  The black sediment smelled 
faintly of petroleum and may be a modern, contaminated deposit. No inundated 
soil horizons were observed. The artifacts are interpreted as material that fell off a 
passing vessel or entered the harbor on ice rafts (Figure 43). 
 
VC-108 Mystic River (Figure 31):  From 1-196 cm (6.4 ft) was a black ooze 
(Munsell 2.5Y 2/0) that transitioned abruptly to the next layer.  This was a dark 
gray clay (Munsell 5Y 4/1) that extended to 290cm (9.5 ft). Because this core was 
clay magnetic susceptibility was not run.  Three charred wood fragments were 
recovered from 120-130 cm (3.9-4.3 ft).  The black sediment smells strongly of 
petroleum and is interpreted as a modern, contaminated deposit. No inundated soil 
horizons were observed. No cultural material was recovered (Figure 44). 
 
VC-109 Mystic River (Figure 31):  From 1-116 cm (3.8 ft) was a black ooze 
(Munsell 2.5Y 2/0) that transitioned abruptly to the next layer.  This was a dark 
gray clay (Munsell 5Y 4/1) that extended to 287 cm (9.4 ft). Because this core 
was clay magnetic susceptibility was not run.  No cultural material was recovered.  
The black sediment smells strongly of petroleum and is probably a modern, 
contaminated deposit (Figure 45). 
 
Summary of analysis 
 No evidence of Native American occupation was discovered in the cores. The 
enigmatic lithic fragments from VC-105 were not considered to be of Native American 
origin.  Nor were the charred wood fragments from VC-108.   It was estimated that the 
bottom of the cores recovered from the Boston Harbor study could date from between 
4,000 and 6,000 years ago (Lynch, et al. 2004).  The conclusion reached that all the clays 
present in the vibratory cores were Late Holocene estuarine deposits indicates that none 
of the sediment retrieved from these cores had been aerially exposed.  As a result, none of 
the nine vibratory cores have penetrated deep enough to reach any potential intact land 
surfaces that were exposed during the Late Pleistocene/Early Holocene when indigenous 
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populations occupied the area and the sea level was considerably lower than at present. 
Deep deposits are obscured because of the great depth of post-transgressional subaqueous 
marine sediments.  More recent strata obviously had been truncated. Given the shallow 
dredging depth of the portions of the harbor to be improved, it was unlikely that deeply 
buried archaeological sites would be impacted by the proposed navigation improvement 
project. 
The variation in magnetic susceptibility from cores VC-101-VC-105 do correlate 
with deposits of different grain sizes and individual trends between the estuarine 
sequences in the clay.  The analysis was useful in identifying strata that were difficult to 
detect visually.  However, the vibratory cores did not penetrate to a level of buried 
terrestrial surfaces that had been subaerial during periods of lower sea level.  As a result, 
beyond indicating their ability to detect changes in strata, these particular cores could not 
be used to verify buried A-horizons or anthropogenic features.  
 No additional survey or subsurface testing was recommended for the Boston 
Harbor Navigation Improvement study.  No intact, buried paleosols were encountered 
and no evidence of pre-Contact Native American occupation was discovered.  One of the 
significant aspects of the Boston Harbor Navigation Improvement project was that it was 
the first time a consideration of the potential for pre-Contact resources had been included 
in an underwater proposal by Archaeological Services, and only one of three New 
England CRM projects to do so (Mitchell Mulholland, personal communication 2002).  
The other two projects were concurrent with the Boston Harbor Navigation 
Improvements study and had been undertaken by the Public Archaeology Lab of 
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Pawtucket, Rhode Island (Robinson, et al. 2003; Robinson and Waller 2002), a 
competing CRM firm in New England.   
 While the results of the Boston Harbor Navigation Improvement study were 
inconclusive, it stands as a case study for the location and identification of submerged 
resources.  Hundreds of pipelines and communication lines are being developed 
underwater and impacting bottom sediments without any cultural resource survey 
(Mitchell Mulholland, personal communication 2006).   Flemming has noted that “the 
area of the continental shelf is 5 percent of the entire area of the earth, equivalent to a 
continent the size of North America” (Flemming 1985:25).  Undoubtedly a great deal of 
this extent could be considered to have moderate to high archaeological sensitivity.  
Cultural resources on this land are covered by many of the same historic preservation 
laws that protect historic and archaeological resources on land.  Some of these laws 
mandate cultural resource survey prior to development, yet this is being overlooked.  
Chapter 5 presents a review of the applicable law that pertains to submerged resource 
identification and protection and can inform archaeologists, cultural resource managers, 
and industry of the legal obligation to survey for underwater pre-Contact resources. 
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Figure 32.  Sediment profile of vibratory core VC-101 collected in the North 
Channel (Lynch et al. 2004). 
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Figure 34.  Sediment profile of vibratory core VC-102 collected in the North 
Channel (Lynch et al. 2004). 
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Figure 36.  Sediment profile of vibratory core VC-103 collected in the North 
Channel (Lynch et al. 2004). 
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Figure 38.  Sediment profile of vibratory core VC-104 collected in the North 
Channel (Lynch et al. 2004). 
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Figure 40.  Sediment profile of vibratory core VC-105A collected from the channel 
east of Castle Island (Lynch et al. 2004). 
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Figure 42.  Sediment profile of vibratory core VC-106 collected from the channel 
east of Castle Island (Lynch et al. 2004). 
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Figure 43.  Sediment profile of vibratory core VC-107 collected from the channel 
north of Castle Island (Lynch et al. 2004). 
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Figure 44.  Sediment profile of vibratory core VC-108 collected from the Mystic 
River (Lynch et al. 2004). 
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Figure 45.  Sediment profile of vibratory core VC-109 collected from the Mystic 
River (Lynch et al. 2004). 
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CHAPTER 5 
 
 
LAW 
 The application of law to the problem of submerged resources being untapped and 
understudied includes views from two perspectives.  The first perspective is to 
understand how and where state, federal and international law and convention act to 
protect submerged resources from uncontrolled destruction.  The second perspective is to 
understand the legal obligation of New England states, the federal government, scientific 
research organizations and industry to consider the potential impact to submerged 
resources during any modifications to the seafloor.  The legal obligation, where 
applicable, figures the most prominently in this dissertation as it is this body of law that 
regulates disturbances to the seafloor and requires underwater survey in certain cases.   
Recommendations on developing laws and standards for areas of the underwater 
environment not currently regulated with regards to submerged resources are presented in 
Chapter 6 as part of an analysis of this unregulated area. 
 Submerged lands, and human actions on and under navigable waters, are 
regulated by Admiralty law (also known as maritime law).  As a result, the legal status of 
archaeological deposits underwater differs considerably from their terrestrial 
counterparts.   United States historic preservation laws and regulations familiar to 
terrestrial archaeologists and cultural resource managers can only be applied to 
submerged lands where ownership or control has been expressly declared by a state or the 
federal government.  However, any declaration of ownership or control over submerged 
lands by a state or the federal government is limited by the delineation of maritime zones 
that define United States territorial waters.  Private ownership of submerged lands is rare 
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and would only occur on some small, inland waters such as ponds or wetlands.  There is 
no private ownership of the marine environment.   
Maritime Zones and Legal Boundaries 
The establishment of territorial maritime zones dates back to the 1600s and were 
initially figured based on the range of a cannonball shot from shore in order to protect a 
country’s waters (NOAA 2009).  The range was considered to be three miles and the U.S. 
adopted this ‘cannon shot’ rule in 1789 by claiming U.S. territorial seas to be three 
nautical miles seaward of the coast (NOAA 2009).  All U.S. maritime zones are projected 
seaward from mean lower low water (MLLW) used as the official datum (terrestrial zone 
is landward of this datum).  This datum is known as the baseline, and it extends across 
the mouths of rivers, across the opening of bays, and skirts the outer portions of complex 
coastlines (Policy 2009).  All territory landward of this baseline, including lakes, rivers, 
estuaries, etc. are considered internal waters and are subject to national sovereignty law 
(Policy 2009).    
“In 1945, President Truman set the stage for the current day, internationally-
recognized zone called the Exclusive Economic Zone (EEZ) by issuing two 
Proclamations - one for conservation of fisheries and another for Continental Shelf 
jurisdiction over natural resources in its seabed and subsoil” (NOAA 2009).  
Supplementary legislation (to Truman’s Proclamations) was passed in 1953, the Outer 
Continental Shelf Lands Act (OCSLA) and the Submerged Lands Act (SLA).  The 
OCSLA served to define the outer continental shelf (OCS) “as all submerged lands lying 
seaward of state coastal waters (three miles offshore) which are under U.S. jurisdiction” 
(MMS 2009).  The SLA granted title of submerged lands out to three miles from the 
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baseline to the individual coastal states and included jurisdiction over the seabed and 
subsoil (2002).  The U.S. jurisdiction over the outer continental shelf defined in the 
OCSLA was limited, and most important to archaeological deposits, did not include 
ownership.  The U.S. claims to jurisdiction of the continental shelf were in order to 
administer mineral, oil, gas, and other natural resource exploration and development 
rights (MMS 2009).  The SLA, however, claimed ownership of the three nautical mile 
coastal belt and transferred it to the coastal states and territories.  For historical reasons 
dating to their original acts of statehood, Texas, Puerto Rico, and the Gulf coast of 
Florida have state jurisdiction over nine nautical miles (Policy 2009) but New England 
states have jurisdiction over the standard three miles.      
 The 1982 United Nations Law of the Sea (LOS) convention codified customary 
international maritime law, much of which had been followed since antiquity.  The LOS 
acted to establish “a legal order for the seas and oceans which will facilitate international 
communication, and will promote the peaceful uses of the seas and oceans, the equitable 
and efficient utilization of their resources, the conservation of their living resources, and 
the study, protection and preservation of the marine environment” (1983a:Preamble).   
The U.S. has not currently signed the LOS treaty, but it has adopted much of its intent in 
the passage of various U.S. law.  For example, the LOS set boundary extents for  three 
maritime zones which include (1) an exclusive economic zone not to exceed 200 nautical 
miles from an individual nations’ established baseline (1983a:Part V, Article 57), (2) a 
contiguous zone not to exceed 24 nautical miles from the baseline (1983a:Part II, Article 
33) and (3) a territorial sea zone not to exceed 12 nautical miles from the baseline 
(1983a:Part II, Articles 2&3).  After the codification of the LOS, the United States 
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claimed jurisdiction to an exclusive economic zone of 200 nautical miles in Proclamation 
5030 in 1983 (1983b), a contiguous zones of 24 nautical miles in Proclamation 7219 in 
1999 (1999), and a territorial sea of 12 nautical miles in Proclamation 5928 in 1988 
(1988).  The United States maritime zones are illustrated in Figure 46 (Figure 46).   
       
 
 Any areas that extend seaward from the 200 nautical mile EEZ off the coast of the 
United States are only vaguely defined in U.S. law.  Both the Submerged Lands Act 
(2002) and the Outer Continental Shelf Lands Act (2000), amended since their initial 
passage in 1953, define the outer continental shelf as all submerged lands lying seaward 
of the waters controlled by a state “and of which the subsoil and seabed appertain to the 
United States and are subject to its jurisdiction and control” (2000; 2002).  However, the 
outer boundary of the continental shelf is not defined.  (In international and federal law 
the term ‘state’ refers to a nation, not to be confused with individual states in the U.S.)  It 
is legally unclear whether U.S. jurisdiction extends to the continental slope and rise as 
Figure 46.  The United States maritime zones (NOAA 2009a). 
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well as the shelf (Figure 47).  The LOS Convention did define “the continental shelf for 
purposes of international law as the seafloor and subsoil that extend beyond the territorial 
sea throughout the natural prolongation of a coastal nation’s land mass to the outer edge 
of the continental margin or 200 nautical miles from the baseline if the continental 
margin does not extend that far” (Policy 2009:44).   
           
 
 Since there are areas along the Atlantic coast where the continental margin does 
extend beyond the EEZ, and the United States has not adopted the LOS convention, the 
jurisdiction over these areas is ambiguous.  This ambiguity may have consequences for 
researchers interested in submerged resources off the coast of New England, even though 
New England’s continental margin is within the EEZ (Figure 48).  If the legal jurisdiction 
of the U.S. does not end at the outer edge of the continental margin then it’s possible that 
areas of the shelf that may hold archaeological potential will fall within the area known 
as the high seas.  The high seas are beyond any national jurisdiction boundaries.   These 
zones demarcate where laws pertaining to archaeological resources can be applied.  The 
following section outlines state, federal and international law and convention with a brief 
discussion of each law’s relation to submerged resources and which zone it applies to. 
 
Figure 47.  Continental slope profile view with slope and rise (ONR 2006).
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Historic Preservation and Archaeological Laws 
Rivers and Harbors Act of 1899 
This act requires that a dredge and fill permit be obtained from the Army Corps of 
Engineers in order to “excavate or fill, or in any manner to alter or modify the course, 
location, condition, or capacity of, any port, roadstead, haven, harbor, canal, lake, harbor 
or refuge, or inclosure within the limits of any breakwater, or of the channel of any 
navigable water” (33 USC 403: 42, 1899).  This act is applicable to state properties and 
the U.S. territorial sea and contains a criminal penalty provision.  It was not drafted for 
any archaeological protection, but has been used successfully in the interests of historic 
preservation against persons who looted a shipwreck under the guise of salvage (Zander 
and Varmer 1996).  The permitting process required under this law may be applied to 
historic resources.  While the “issuance of permits affecting heritage resources by federal 
land managers is discretionary…federal land managers must consider whether issuance 
of these permits is within their jurisdiction and is compatible with the way in which the 
resources under their jurisdiction are to be managed” (Hutt, et al. 1999:153-154). 
Antiquities Act of 1906 
This was the first official federal policy enacted to protect historic and pre-
Contact sites on federal property, terrestrial or underwater.  It sets up a permitting process 
for only qualified individuals to undertake investigation on these sites, and authorizes the 
President with the ability to create National Monuments (16 USC 431-433, 1906).  The 
limitation of the Antiquities Act is that the underwater land must be owned or controlled 
by the U.S. or the individual states. 
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National Park Service Act 
This act established a federal agency to administer and manage federal park property, and 
includes historic and cultural resources of land or water.  Its goal is to    preserve and 
manage these resources for the benefit of the general public (16 USC 1-18f-l, 1916).  Any 
National Park that has submerged land as part of its boundaries establishes U.S. 
ownership of that land, and allows for the application of federal law.  There are eight 
National Parks in New England that have submerged land within their boundaries: Saint 
Croix Island International Historic Site; Acadia National Park; Salem National Maritime 
Historic Site; Saugus Iron Works National Historic Site; Boston National Historic Park; 
Boston Harbor Islands National Historic Park; Cape Cod National Seashore and the New 
Bedford Whaling National Historic Park (Figure 49). 
                             
 Figure 49.  National Park Service’s Northeast Region ocean parks (NPS 2007).
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Historic Sites Act of 1935 
This act declared it a national policy to “provide for the preservation of historic 
American sites, buildings, objects and antiquities of national significance for the 
inspiration and benefit of the people of the United States” (16 USC 461-467: 1, 1935), 
including archaeological resources.  The purpose of effectuating this policy falls to the 
National Park Service (NPS).  The act itself does not offer protection or permitting 
guidelines, but it does establish the obligation of the National Park Service to survey for 
archaeological sites, to obtain information concerning them, and gives the NPS the right 
to acquire property in order to meet these aims.  The declaration of national policy set 
forth in this act should provide federal land managers with benchmarks to use in 
complying with federal law, such as in the issuance of excavation permits under the 
Rivers and Harbors Act. 
National Historic Preservation Act (NHPA) 
An extremely important act called the “cornerstone of U.S. historic preservation” 
(Messenger 1999: 275).  This act created State Historic Preservation offices, established 
the National Register of Historic Places, and the Section 106 review process requiring all 
federal projects to include the possible impact to historic and archaeological resources in 
their planning process.  This gave birth to CRM, and includes the underwater 
environment (16 USC 470-470t, 1966).  Section 110(a)(2) of this act is another important 
provision in that it “requires national government agencies to manage heritage resources 
under their jurisdiction and control” (Varmer and Blanco 1999:220-221).   
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National Environmental Policy Act (NEPA) 
This act goes hand-in-hand with the National Historic Preservation Act.  Its 
purpose is to secure environmental and cultural heritage for future generations, to the 
fullest extent possible, while undertaking any federal actions.  This act establishes that an 
environmental impact statement be produced prior to federal action that may impact 
resources, which becomes the umbrella under which the 106 review process is 
undertaken (42 USC 4371, 1969). 
National Marine Sanctuaries Act 
This act provided for the Secretary of Commerce to establish marine sanctuaries 
for conservation and sustainable public use of them.  This act makes it illegal to interfere 
with any resources in the sanctuary unless under permit, including historic, cultural or 
archaeological, and outlines penalties for doing so (16 USC 1431, 1972b).  This act offers 
the greatest coverage in terms of jurisdiction over cultural resources as a National Marine 
Sanctuary can be established out to the 200 mile limit of the Exclusive Economic Zone.  
The submerged lands within the boundaries of a National Marine Sanctuary would be 
considered owned or controlled by the U.S.  Section 106 and Section 110 of NHPA 
pertain to the submerged lands of a National Marine Sanctuary.  The Stellwagen Bank 
National Marine Sanctuary is an example of submerged land, located off the coast of 
New England, that is owned by the U.S. (Figure 50).   
Archaeological and Historic Preservation Act 
This amends the Reservoir Salvage Act that addressed major dam building in the 
early twentieth century that impacted large tracts of land and archaeological resources.  It 
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requires the preservation and curation of all archaeological materials collected during 
federal construction projects (16 USC 469-469c, 1974b). 
         
 
 
Archaeological Resources Protection Act (ARPA) 
ARPA strengthens the Antiquities Act of 1906 by outlining the parameters of 
legalities with regards to archaeological resources and sites, on land and underwater (16 
USC 470aa-470mm, 1979).   These parameters include provisions for the sale and 
transportation of artifacts, and establishes penalties for non-compliance.  ARPA requires 
land ownership, not just control, therefore the submerged lands must be in a National 
Park, Marine Sanctuary or other public land owned by a state or federal authority to 
qualify for the application of ARPA. 
Figure 50.  Stellwagen Bank National Marine Sanctuary (NOAA 2009b). 
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Submerged Lands Act (SLA) 
This act grants title of submerged marine lands to coastal states out to three 
geographical miles, and within the great lakes to the international border.  Its purpose is 
to establish state’s rights to natural resources within this boundary, but it also 
inadvertently extends the same rights to cultural resources if the states so choose.  This is 
based on a state being entitled to ownership of all lands under navigable waters within 
these boundaries and, by extension, anything embedded in them (43 USC 1301-1356, 
2002). 
Native American Graves Protection and Repatriation Act 
This act primarily deals with existing collections of Native remains and associated 
artifacts, but also has sections pertaining to discovery, either deliberate or inadvertent.  It 
requires consultation and consent with native groups if the discovery is on federal or 
tribal land.  This law may become increasingly more important to underwater 
archaeology as investigation into submerged, pre-Contact, terrestrial sites becomes more 
common (25 USC 3001-3013, 1990). 
Admiralty Law 
 The United States Constitution section III, article 2 (subject matter jurisdiction) 
grants federal courts the exclusive right of jurisdiction over any admiralty case, i.e., cases 
dealing with navigable waters (1 USC 3 (2) [1788]).   Navigable waters is defined in 
section 502(7) of the Federal Water Pollution Control Act (FWPCA) and includes: “(1) 
all navigable waters of the United States, as defined in judicial decisions prior to the 
passage of the 1972 Amendments of the Federal Water Pollution Control Act (Pub. L. 92-
500) also known as the Clean Water Act (CWA), and tributaries of such waters as; (2) 
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interstate waters; (3) intrastate lakes, rivers, and streams which are utilized by interstate 
travelers for recreational or other purposes; and (4) intrastate lakes, rivers, and streams 
from which fish or shellfish are taken and sold in interstate commerce” (Pub. L. 92-500 
[1972a]).  Prior to 1972, navigable waters were less broadly defined as “the waters of the 
United States, including the territorial seas” (33 CFR chapter 26, subchapter V, 1362 (6).   
Admiralty law is intended to cover rules of navigation, commercial shipping and trade, 
safety, and national security.  
Common Law 
Common law of salvage 
This law is based in antiquity and provides for the rescue and return of property in 
marine peril to the stream of commerce.  A salvage award is granted by federal admiralty 
courts, usually to the first person who can prove they are able to conduct salvage 
operations.  This law does not grant title to the property.  The salvage award is given to 
persons who voluntarily place themselves at risk to rescue commercially valuable 
material.  The award is usually comprised of a portion of the value of the goods rescued, 
and payment for the time and materials needed for the rescue.  This law was intended for 
immediate salvage, usually of ships and/or cargo, following marine peril; not historic 
resources whose value may be intangible intellectual knowledge (Abbass 1999; Mather 
and Watts Jr. 2002; Sweeney 1999). 
The Salvage Act (46 U.S.C.A. §§ 727-731 [1912]) provides for compensation to 
persons who help save a ship or cargo from danger, or help recover a ship or cargo from 
actual loss. To qualify for salvage remuneration, a person must not be acting in service of 
the ship or in performance of a contract, and the help given must have contributed at least 
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in part to a wholly or partially successful salvage of the ship or goods.  The language of 
salvage law clearly pertains to vessels and cargo, and it may not be legally applicable to 
pre-Contact resources, although to date there is no case law that tests this.     
Common law of finds 
This law, also rooted in antiquity, differs from salvage in that ownership is at 
issue.  Generally speaking, title to abandoned property transfers to the person who 
reduces the property to their possession.  The law of finds has been used in the past to 
claim property lost and abandoned at sea, including shipwrecks, although it has not been 
tested to date on a submerged pre-Contact archaeological site.  It has been argued that the 
law of finds was originally intended to apply to property that had never been previously 
owned and could not, therefore, be abandoned (Sweeney 1999; Zander and Varmer 
1996).  Examples of this would be ambergris or a beached whale, both of which, 
historically, had commercial value, and would benefit anyone reducing it to their 
possession and ownership.  It remains to be seen if artifacts from a submerged pre-
Contact site can be legally argued to be abandoned property. 
International Convention 
The Law of the Sea (LOS) 
The United Nations’ Law of the Sea is an international, comprehensive treaty that 
“provides the legal framework for determining the authority, rights and responsibilities 
regarding activities in the marine environment” (Zander and Varmer 1996) to coastal 
nations.  Conventions took place in 1958, 1960, and between 1974-1982, and resulted in 
the final Convention being adopted in 1982 and going into force in 1994 (Elia 2000; Hutt, 
et al. 1999).  Two articles in the LOS treaty address cultural resources, Article 149 and 
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Article 303 (1983a).  Article 149 reads: “All objects of an archaeological and historical 
nature found in the Area shall be preserved or disposed of for the benefit of mankind as a 
whole, particular regard being paid to the preferential rights of the State or country of 
origin, or the State of cultural origin, or the State of historical and archaeological origin” 
(1983a).  The ‘Area’ is defined in international law as the high seas, known as the area 
beyond the Outer Continental Shelf and the EEZ (Hutt, et al. 1999).    
Article 303 reads:  
“1. States have the duty to protect objects of an archaeological and 
historical nature found at sea and shall cooperate for this purpose. 
2. In order to control traffic in such objects, the coastal State may, in 
applying article 33, presume that their removal from the seabed in the 
zone referred to in that article [contiguous zone] without its approval 
would result in an infringement within its territory or territorial sea of the 
laws and regulations referred to in that article. 
3. Nothing in this article affects the rights of identifiable owners, the law 
of salvage or other rules of admiralty, or laws and practices with respect to 
cultural exchanges. 
4. This article is without prejudice to other international agreements and 
rules of international law regarding the protection of objects of an 
archaeological and historical nature” (1983a). 
The definition of ‘sea’ in this article is not defined so it remains unclear what maritime 
zone or zones, other than the contiguous zone outlined in section 2, this Article applies to.  
The treatment, protection, management, and responsibility for submerged resources are 
simply not clearly defined or addressed in this document.   
While the Law of the Sea treaty expressly states that admiralty law is not intended 
to be affected, it also states that coastal nations may prohibit unauthorized access to 
submerged cultural resources.  This inconsistency, coupled with the rest of the treaty’s 
vague language and lack of definitions in regards to submerged cultural resources is 
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problematic (1983a; Blumberg 2005).  The intent of the LOS articles pertaining to 
cultural resources is to impose a duty on nations to protect and manage them rather than 
to allow unregulated looting or salvage.  However, without clarification and express 
standards and definitions, the treaty is inadequate (Blanco and Varmer 2002; Elia 2000; 
Hutt, et al. 1999).  The United States has not ratified this treaty to date, but the provisions 
within should be considered customary international law (Hutt, et al. 1999). 
Convention on the Protection of the Underwater Heritage 
This international convention is the work of the United Nations Educational, 
Scientific and Cultural Organization (UNESCO) and seeks to work in conjunction with 
the LOS in order to provide the standards and definitions that were lacking in that 
convention.  It acknowledges that underwater cultural heritage is an integral part of all 
humanity, and realizes that the task of protecting and preserving it lies with all nations 
(UNESCO 2001).   The UNESCO Convention specifically defines underwater cultural 
heritage as  “all traces of human existence having a cultural, historical or archaeological 
character which have been partially or totally under water, periodically or continuously, 
for at least 100 years” (UNESCO 2001).  The convention leaves no doubt that submerged 
pre-Contact resources would be covered under the international law by further defining 
“(i) sites, structures, buildings, artefacts and human remains, together with their 
archaeological and natural context…[and] (iii) objects of prehistoric character” 
(UNESCO 2001) as traces of human existence.   
The UNESCO Convention was adopted in November 2001 and entered into force 
in January 2009.  Unlike the LOS, the UNESCO Convention clearly defines underwater 
cultural heritage, and outlines standards and practices that should be undertaken to 
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protect and manage it. It includes provisions for applying the convention in all 
underwater contexts; inland, territorial seas, contiguous zones, exclusive economic zones, 
and the high seas.  Currently, 25 nations have ratified this international code, but the 
United States has not. 
Discussion 
In terms of protecting submerged resources from unregulated looting or salvage, 
international code and U.S. federal or state law can act as guides after being enacted, but 
until they are actually applied in a specific case in a court of law they are little more than 
words on a page.  “It is important to note that none of these international legal “tools” 
have been fully tested in United States district courts to protect submerged heritage 
resources.  The proper application and interpretation of these international conventions is, 
as of yet, still undetermined” (Hutt, et al. 1999:521).  In the United States there have been 
no legal cases involving submerged, pre-Contact resources that test either Admiralty law, 
the common law of finds or any of the historic preservation laws, state or federal. 
   In contrast, the legal obligation to consider the potential impact to submerged, 
pre-Contact resources before disturbing the sea floor was initiated by the Minerals 
Management Service (MMS) when U.S. cultural resource management was in its infancy 
during the 1970s and 1980s.  As a federal agency, the MMS is required to comply with 
Sections 106 and 110 of NHPA when undertaking activities that potentially impact 
historic or archaeological properties on or embedded in the sea floor of the continental 
shelf.  This includes federal permitees and areas leased for oil and natural gas exploration 
of submerged lands.  A predictive study of historic and archaeological resources on the 
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Atlantic continental shelf was done in 1979 for the MMS, but no survey has taken place 
in the Atlantic region of the U.S. since 1982 (Ball, et al. 2007; Barber 1979).   
The MMS has implemented survey procedures that include submerged resources 
for exploration and leased areas in the Gulf of Mexico, which has resulted in the 
identification of submerged, terrestrial paleolandforms presented in Chapter 2.  The 
applicability of Section 106 to federal mineral and oil leases stems from the Outer 
Continental Shelf Act that expressly stated U.S. jurisdiction over the EEZ, and therefore 
the need for a federal permit under NHPA.  Jurisdiction is not, however, ownership or 
control.  These terms become important in regards to cultural resources because the 
language of the Antiquities Act and ARPA specifically applies to land owned or 
controlled by the U.S.  Neither of these terms has been legally defined for the underwater 
environment outside the territorial sea or for the express purpose of protecting cultural 
heritage resources (Hutt, et al. 1999).  The result is confusion over the level of protection 
and management for submerged resources that will not be settled until there is either 
specific legislation to address it (such as the U.S. adopting the LOS and UNESCOS’s 
conventions) or a precedent setting case is argued in court. 
 Inside the territorial sea, either individual New England states (out to three miles) 
or the United States (out to 12 miles) has sovereign rights, i.e., ownership or control, 
under the Submerged Lands Act (2002) or Proclamation 5928 (1988).  Some individual 
New England states have further expressly claimed ownership of submerged state lands 
and historic resources in or on them including Maine (2005), New Hampshire (1987), 
Massachusetts (1995) and Rhode Island (1974a).  Vermont has proclaimed that all 
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underwater historic and archaeological sites belong in trust to the people of Vermont 
(2001) and establishes a permitting and review process to protect their cultural heritage.   
The legal obligation to consider impacts to submerged resources by individual 
states, and during federally permitted projects is a tool that archaeologists and historic 
preservation managers should be using to demand that submerged resources be included 
in underwater survey prior to proposed impacts.  However, with the exception of the 
MMS, and the very recent underwater CRM projects presented in Chapter 2, much work 
has been done without comprehensive survey.   
To further confuse matters, to date all legal cases involving underwater historic 
resource protection, preservation, and management have been regarding shipwrecks.  
This is due to the potential commercial value of some cargo, such as gold and silver, 
carried on historic vessels.  An analysis of the differences between shipwrecks and 
submerged pre-Contact resources in regards to the application of law is presented in 
Chapter 6.  A discussion is also made in Chapter 6 for proactively establishing that 
submerged, pre-Contact resources should not fall under traditional laws of Admiralty.  
And, that by increasing the awareness of the potential for submerged resources in New 
England, and including them in future survey plans the cultural resource community may 
effectively form a custom; an action that is common and consistent and can inform legal 
precedent without being formally tried in a court of law (Dromgoole 2007). 
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CHAPTER 6 
 
 
DISCUSSION AND RECOMMENDATIONS 
“In short, there are no good excuses for not promoting and pursuing the 
investigation of prehistory underwater.  One of the great axioms of 
archaeological field survey on land, which also applies in a more abstract 
way to much intellectual endeavour, is that often we do not find anything 
until we know what we are looking for, and we do not know what we are 
looking for or even where to start looking until we find something” 
[Bailey 2004:10]. 
 
 The study of submerged, pre-Contact archaeological research in New England is 
an emerging area of study.  It began as an intellectual exercise in judging the capacity of 
the continental shelf to provide necessary resources for human occupation.  Only recently 
has it burgeoned into a handful of archaeological surveys designed to locate and identify 
submerged, pre-Contact deposits.   As an area of inquiry, however, it still lags far behind 
the study of terrestrial, pre-Contact New England archaeology.  The information 
presented in this dissertation should overcome any skepticism that submerged resources 
deserve our attention, and the study of them should be incorporated into common 
archaeological practice.  Chapter 6 reviews and summarizes the preceding chapters of 
this dissertation.  Following the summary of underwater methodology is a discussion of 
the challenges inherent in applying current methods and technologies to submerged 
resources.  I then make recommendations that will move us towards a best practice for 
underwater survey of submerged resources.  The Boston Harbor case study is evaluated, 
and an assessment of which methods were beneficial, and which could be improved upon 
is made.  Legal compliance is reviewed, and a discussion on the complexities and 
unknowns with regards to the applicability of Admiralty Law to submerged resources is 
then presented.   
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Examples of submerged resources being successfully located and identified in 
other parts of the world were reviewed in Chapter 2.  These global examples demonstrate 
that when archaeologists make a concerted effort to look for submerged prehistoric 
archaeological sites, they tend to find them. 
The potential for locating submerged resources was supported by non-cultural 
studies that included ecological models (Root 1978); the reporting of intact paleo 
landforms (Emery and Edwards 1966); modeling sediment transport as an agent of 
preservation (Belknap and Kraft 1981); the reporting of Pleistocene faunal remains 
(Snow 1972; Uchupi et al. 2001; Whitmore 1967); and evidence of drowned forests and 
peat deposits (Fedje 2000; Kaye and Barghoorn 1964; Scott & Medioli 1995).  
Prehistoric artifactural evidence such as lithics, pottery, bone, and antler tools have been 
retrieved by fisherman, lobsterman, and various forms of industrial dredging.  They have 
been found in the Straight of Oresund, Sweden (Larsson 1983); the Solent, England 
(Momber 2000, 2004); Southern California, USA (Masters 1983, 1985); the Mid Atlantic 
Bight, USA (Merwin 2002); Lazygut Island, ME (Crock et al. 1993; Cox 1991); and 
Greenwich Bay, RI (William Turnbaugh, personal communication 1998).  Pre-Contact 
artifacts from an underwater context have been collected by sport divers at Warm 
Mineral Springs, FL (Clausen, et al. 1975), and Little Salt Springs, FL (Cockrell 1980). 
Evidence of submerged prehistoric deposits has also been observed by monitoring 
the dredge spoils resulting from industrial projects.  Excavated submerged sediments 
from Lake Bracciano, Italy, monitored by archaeologists during a utility project, were 
found to contain Neolithic artifacts (Kunzig 2002).  Channel dredging in Port Leucate, 
France produced dredge spoils that were wet screened by archaeologists on shore to 
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reveal a Mesolithic deposit that was very likely undisturbed prior to the dredge activity 
(Geddes 1983).  Middle Archaic artifacts were observed through the archaeological 
monitoring of dredge spoils excavated to enlarge ship berths in the United States during a 
cultural resource management project (Faught and Flemming 2008).  All these projects 
and unintended finds stand as examples that submerged resources are present, and that 
archaeological monitoring of industrial dredging can be implemented as a means of 
locating and identifying them. 
Professional archaeological surveys were also reviewed in Chapter 2.  Submerged 
prehistoric deposits have been located and identified in the waters of South Africa (Werz 
and Flemming 2001); in Lake Zurich, Switzerland (Ruoff 2004); in Greece (Flemming 
1983; Gifford 1983); Sweden (Larsson 1983); Denmark (Fisher 2004; Grøn and Skaarup 
2004); England (Momber 2000, 2004); Israel (Galili, et al. 1983); Canada (Fedje 2000; 
Josenhans 1997); and the Gulf of Mexico (Dunbar et al. 1992; Faught 1996, 2002, 2003; 
Stright 1986).  Following is a discussion of the methodologies used in these surveys and 
how they may be adopted and/or adapted to the physical environment of New England. 
New England Methodology 
There are two basic approaches towards observing and sampling the submerged 
environment.  One is through direct visual observation by archaeologists diving, 
snorkeling or wading, as in Switzerland, Greece, Sweden, Denmark, England, and the 
Gulf of Mexico.  Direct observation by archaeologists as a survey method would be not 
be applicable in most of New England’s waters.  This is due to the amount of post-glacial 
sediment transport that likely covered archaeological deposits now submerged in the 
marine environment.   
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Direct observation would be applicable in the instances of exposed rock ledges 
and sea spires that may provide evidence of raw material quarrying or petroglyphs.  Once 
these have been identified by remote sensing techniques, visual examination by an 
archaeologist would be appropriate.  Diver examination of machine excavated dredge 
trenches may also be useful in identifying buried paleosediments that may contain 
artifacts and features (Faught and Flemming 2008).  These are initial survey techniques 
that can be used in conjunction with remote sensing data, but are not currently employed 
on offshore development in New England.   
The second approach is through remote optical or non-optical imaging, and 
sample coring or dredging as in Greece, Canada, and the Gulf of Mexico.  The retrieval 
of this type of data can be done by non-archaeologists, and thereby serve dual or even 
multiple purposes.   The remote sensing techniques introduced in Chapter 3, side scan 
sonar, sub bottom profiling, magnetometry, and physical sampling, are commonly used to 
generate data about the natural environment of the seabed for a multitude of purposes by 
industry, governments, and research institutions.  Maritime archaeologists have benefited 
from the use of this technology as it also aids in the identification of submerged historic 
resources as well as the surrounding natural environment.  These same technologies 
contribute to the identification of probable areas of pre-Contact resources as well.  The 
physical environment of New England, shaped by the Laurentide ice sheet and its post-
glacial sediment distribution and erosion, dictates the use of remote sensing and vibratory 
coring to survey for submerged resources in most of its underwater contexts.   
 Currently the best option for archaeologists to test submerged sediments in New 
England is to work in conjunction with industry, public and private research programs, 
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and the military from the very conception of a project.  The overview of the law in 
Chapter 5 reveals that much of New England’s submerged land requires archaeological 
resources to be considered prior to impact by development or research.  Therefore the 
opportunities to test for submerged resources are greatest if done in conjunction with 
offshore development or research as offshore development and research is fairly common 
in New England.  Simply put, the quantity of testing would be more substantial than the 
need to rely on the possibility of a research grant which may or may not be obtainable.  
For example, while a large-scale NSF grant may support a study designed to locate and 
identify submerged resources in New England that would result in useful information, it 
does not solve the problem of a lack of compliance with the law that allows development 
to proceed without proper attention to submerged resources.     
Incorporating archaeology into offshore development and research is not without 
challenges.  The present standard for underwater development or research is to 
subcontract archaeologists to conduct their own inclusive research on the presence or 
absence of archaeological resources.  This requires a separate budget for background 
research, remote sensing, and, dependant on the conditions, diver or remote ground 
truthing prior to any seabed disturbances.  To date only historic resources such as 
shipwrecks, located on or close to the seabed surface, are routinely incorporated into 
development projects.  The exceptions to this routine have been discussed, and include 
the CRM projects undertaken by Archaeological Services and the Public Archaeology 
Lab (Lynch et al. 2004; Robinson et al. 2002, 2003). 
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Collaboration 
  Large-scale underwater development and exploration, industrial and scientific, 
usually requires remote sensing, probing, and coring that are not for archaeological 
purposes.  To separate archaeological resource survey out from the information being 
gathered for other purposes is a waste of time, money, and human resources.  
Archaeologists and the federal and state offices charged with permitting and regulation of 
cultural resources should include archaeological consultants in the planning and 
collection of information from the inception of underwater projects.  Subsurface coring, 
for example, is undertaken regularly by industry and for scientific research in New 
England waters, but pre-Contact resources are not routinely considered by either the 
regulatory agencies granting them permits or by the proponents taking the cores.  If an 
archaeological consultant was involved from the beginning the location of the coring and 
the depth of the cores could be negotiated and the information retrieved and the cost of 
retrieval could be shared by all concerned.   
For example, The Public Archaeology Lab (PAL) in Pawtucket, Rhode Island, a 
cultural resource management firm, was subcontracted to provide an archaeological 
sensitivity assessment of a 24 square mile submerged area proposed to be impacted by 
the erection of wind turbine generators (Robinson et al. 2003).  In addition to historical 
and archaeological background research, the assessment utilized geophysical data (side 
scan sonar imaging, sub bottom profiles, magnetometry, bathometry, and vibratory 
coring) that had already been generated as part of the wind turbine planning process.  
PAL’s conclusions included recommendations for a remote sensing survey of the project 
area to target archaeological resources, and vibratory core testing for submerged 
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resources based on the results from the geophysical coring (Robinson et al. 2003).  Two 
questions arise from this situation: (1) why was geophysical subsurface disturbance 
allowed prior to the involvement by archaeologists: and (2) how is paying for an 
additional remote sensing survey and further coring, both requiring boat time and skilled 
operators, cost effective?  Had archaeologists from PAL been included in the planning 
process prior to the geophysical survey it could have accomplished multiple purposes.        
Although the accepted procedures for development compliance are flawed, 
development-driven archaeology is still a viable option for New England researchers to 
study submerged resources because of the quantity of data that can be generated.  
Harkening back to Bailey’s (2004) quote at the beginning of this chapter, archaeologists 
need to find submerged resources so that we’re better able to refine predictive models, 
examine material cultural not ordinarily preserved on land, and test existing theories and 
paradigms regarding colonization, migration, settlement, and subsistence.  The amount of 
underwater development taking place will insure a steady influx of data as long as pre-
Contact resources are considered as part of the data.   
Bailey (2004) also questions the reluctance of undertaking submerged, pre-
Contact archaeological research based on perceived cost (Bailey 2004).  He observes that 
much land based archaeological research spans many years, involves costly equipment 
and post-excavation tests, requires teams of specialists, and employs many forms of 
highly technical remote sensing equipment.  He also observes that a great deal of the 
earth’s surface has been disturbed and redeposited through natural and anthropogenic 
forces including weathering, erosion, pollution, bioturbation and cryoturbation, looting, 
plowing, and excavation, yet we don’t curtail terrestrial archaeological investigations as a 
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result.  He concludes by saying “This is not to say that working underwater might 
actually turn out to be easier and more productive than on land, but rather to emphasize 
that the balance of advantage and disadvantage is by no means obviously weighted in any 
one direction” (Bailey 2004;10).  Understandably, cost is a factor.  Cost, however, can be 
managed and negotiated and should not be a deterrent to research. 
Challenges of the Current Application of Data 
While the fact that pre-Contact resources have been ignored while undertaking 
underwater exploration in the past cannot be changed, an integrated approach can be 
achieved by working with geophysicists, oceanographers and project planners from an 
early stage.  This is not only an advantage for archaeology, but will better inform the 
individual archaeologist as well as we cannot be expected to be proficient in the 
geosciences; we lack the training, concepts are unfamiliar, and we don’t speak the 
language.  Just reading the technical reports produced by geoscientists in an effort to 
predict archaeological sensitivity can be challenging due to the vocabulary unique to the 
geophysical disciplines.  Differences in spatial and temporal scales between a 
geophysical view of the environment and an anthropological view of the environment 
were addressed in Chapter 3.  These differences make it difficult to merely access 
geophysical data and apply it to archaeological problems.   
“Environmental effects upon human communities are mediated 
through technology and cognition, the specifically human means of 
adaptation.  These impose upon the study of human adaptations certain 
constraints of scale which are foreign to many of the environmental 
sciences, so that archaeologists cannot simple shop passively for concepts, 
methods and data appropriate to the study of the human past” [Dincauze 
2000;xvii].    
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 New research priorities, new research designs, and new methodologies are needed 
to survey for submerged resources.  A transdisciplinary approach that incorporates the 
knowledge and skills of multiple disciplines into common research goals would best 
serve to identify and record submerged resources.   Archaeologists should not be working 
alone, inserted into the project at some midway point and borrowing methods and data 
from the geophysical community as often happens in CRM.  A simple change in the 
timing of when archaeologists become involved in the process of offshore development 
would make a difference.  Merging methodologies and priorities from the beginning can 
cut costs, and be mutually beneficial in researching the complex history of the underwater 
environment.    
As previously noted, much of New England’s offshore sediment history is 
presently unknown.  Large scale, universal models, therefore, can be taken into 
consideration by archaeologists when deciding the best locations for testing for 
submerged resources, but should not dictate areas to be avoided.  Academic or research 
based projects may have greater latitude in location choice, while development driven 
CRM will be more constrained.  Implementing a testing regime in CRM, even under 
constrained boundaries, would be beneficial.   It could result in samples being taken in 
areas that might otherwise be ignored based on current predictive models, and will add to 
the overall knowledge of the continental shelf’s stratigraphic history.  
Boston Harbor Case Study 
 The Boston Harbor Navigation Improvement project presented in Chapter 4 is a 
case study of the principles and practices of submerged resource research in New 
England.  In summary, nine vibratory cores were extracted from Boston Harbor in 
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regions considered to have high archaeological sensitivity.  The coring locations within 
these regions were constrained by the proposed boundaries of industrial dredge impact.  
The project was completed in two stages; first, remote sensing data was compared to 
geophysical background research in order to assess archaeological sensitivity based on a 
terrestrial predictive model.  Second, vibratory coring was conducted in nine locations.  
No evidence of pre-Contact Native American occupation was discovered in the vibratory 
cores.  The following analysis begins with a brief discussion of the pros and cons of the 
terrestrial predictive model used to assess archaeological sensitivity, and continues with a 
presentation of what worked well on this project and what factors could be improved 
upon. 
   The terrestrial predictive model detailed in Chapter 4 is based on site location 
patterns informed by excavated land sites and theories of cultural ecology developed in 
the 1970s (Feder 1981; Jachim 1976).  A recent critique of this entrenched predictive 
model has shown that “The pattern we note today may be an artifact of how 
archaeological sites are found, rather than correspond to specific choices made by Native 
American groups” (Curran 2009;126).  Many of the excavated land sites that are used as 
settlement pattern data are located in areas of modern development that has driven the 
archaeological surveys that find them.  While an in-depth analysis of the much used 
predictive model is beyond the scope of this discussion, the fact that it is based solely on 
what has been discovered on currently exposed land and modern coastlines is worth 
noting.  We don’t know enough about the paleoenvironment of the now submerged 
continental shelf to draw direct analogies to the modern landscape (Firth 2004; 
Shackleton 1984). 
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“The vast areas now submerged would have been different to the uplands 
with which we are familiar, in terms at least of altitude and topography, 
and therefore also of the character of the land, its flora, fauna, and 
resource profile.  Consequently, the ways in which these now-submerged 
lands were inhabited might have been quite different to the patterns of 
inhabitation that are evident on today’s dry land” [Firth 2004;91]. 
 
 As a result, the terrestrial predictive model may not be accurate for the 
submerged, early pre-Contact deposits undoubtedly located in New England.  
There are no modern equivalents to a Paleoindian or Early Archaic coastal site.  
In addition, evidence of maritime activities and migration practiced by early New 
England inhabitants is not addressed by the current predictive model.  However, 
as it is the predictive model most widely used in New England, the best use for it 
would likely be in locations that are closest to today’s modern shoreline or highest 
in elevation, and therefore still exposed during the latter part of Holocene sea 
level rise.  These areas would have comparable terrestrial sites as the cultural 
periods of the Middle Archaic (8000-6000 BP) through to Contact, and are 
represented in New England archaeological sites. The terrestrial predictive model 
was employed on the Boston Harbor project and, as accepted, was appropriate for 
predicting archaeological sensitivity.  As research into submerged resources 
increases, this will likely change.  For example, areas that lie outside the regions 
deemed to have high archaeological sensitivity should also be sampled so that we 
do not miss sites that may fall outside our entrenched assumptions.   
The positive aspects of the Boston Harbor project include the use of 
geophysical remote sensing for a dual purpose.  The side scan sonar, sub bottom 
profiler, and the magnetometer were used to define broad regions of 
archaeological sensitivity and inform the dredge contactors of bedrock and 
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compact glacial till.  Both contractors benefited from the data and it was more 
cost effective for the developer and the proponent.  The magnetic susceptibility 
tests on the vibratory cores were also a positive element of the project.  This test 
can identify sediment characteristics that may not be discernable to the naked eye.  
While there were no buried anthropogenic layers in the Boston Harbor cores, the 
tests revealed general trends and clear differences in sediment horizons.  This may 
prove useful on future projects as it is an objective test that does not rely on visual 
identifications of stratigraphy. 
 Perhaps the greatest success of the Boston Harbor project is that it 
happened.  Before expanding on this I critique the Boston Harbor project by 
outlining the factors that could have worked better, beginning with the lack of 
collaboration between me as an archaeologist and the scientific engineers.  The 
staff at Archaeological Services defined the regions of high archaeological 
sensitivity, then the U.S. Army Corps of Engineers provided GPS coordinates for 
the coring locations.  At no time was I consulted about the proposed locations.  In 
addition, while I was aboard the coring vessel extracting the nine cores earmarked 
for archaeological testing, a sizable barge was in the vicinity, also doing 
geophysical testing for the Boston Harbor project.  The volume of sampling and 
the time spent gathering non-archaeological data exceeded the archaeological 
testing.  The primary problem I see here is that archaeology is seen as its own area 
of inquiry, separated from the project as a whole.  It is entirely possible that with 
greater collaboration from the start there would have been no need to hire the 
vessels and crew, at substantial cost, specifically for archaeological samples. 
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 Also problematic was the overall volume of archaeological testing.  The 
total length of the proposed survey area was 7.8 miles (12,553 m, see Figure 13).  
The total length of the three areas estimated to be archaeologically sensitive was 
3.8 miles (6116 m).  On a terrestrial archaeological survey the common interval 
between shovel test pits in an archaeologically sensitive area is 7.6 m.  If that 
same testing strategy were employed on the Boston Harbor survey it would 
amount to a total of 800 shovel test pits measuring 50 cm x 50 cm.  The volume 
of testing over the 3.8 miles of archaeologically sensitive areas in Boston Harbor 
amounted to nine vibratory cores with a diameter of 6.7 cm each.  Therefore, the 
total volume of sediment collected by the nine vibratory cores would not equal the 
volume of soil from one shovel test pit.   
As discussed in Chapter 4, the post-glacial depositional environment of 
Boston Harbor in the areas of archaeological testing is patchy, varying between 
environments of erosion or non deposition, deposition, and reworked sediment 
(Knebel and Circe 1995).  In their report Geophysical Explorations: Remote 
Sensing Archaeological Survey and Geologic Interpretation Boston Harbor 
Navigation Improvement Study Boston, Massachusetts Ocean Surveys, Inc. 
“highly recommended that this program be supplemented by filling in the current 
subbottom dataset with lines at a 50 foot spacing, since the subbottom line 
spacing of 150 feet is not believed adequate for a predredge assessment of rock or 
other material quantities” (Ocean Surveys, Inc 2003;17).  Taking both these 
geophysical assessments in account: (1) Boston Harbor contains patches of 
depositional environments and: (2) the remote survey engineers did not feel the 
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sub bottom line spacing used on the Boston Harbor project was adequate to map 
these patchy environments, a greater number of vibratory cores placed at closer 
intervals would have supplied higher quality archaeological data. 
There were also two opportunities for visual inspection by divers or ROVs 
of potential archaeological resources that were not considered during this project.  
One includes diver inspection of rock outcrops or sea spires that may have been 
located by the side-scan sonar.  These are potential lithic quarry locations or rock 
shelters that may retain evidence of these activities.  The remote sensing data, 
however, was not analyzed with this in mind.  The second opportunity involves 
inspection of the dredge trench profiles.  This would have allowed archaeologists 
to record any buried terrestrial deposits that might otherwise go unnoticed during 
the dredging process.  Less likely, but still plausible, is that archaeological 
features or artifacts might be visible in profile.  This technique has recently been 
employed by Panamerican Consultants Inc. whereby terrestrial sediments were 
observed and an isolated artifact was collected (Faught and Flemming 2008). 
Finally, archaeological monitoring of the dredge spoils during the 
construction phase was not considered during the Boston Harbor project.  As 
discussed in Chapter 2, this has proven to yield evidence of submerged 
archaeological sites elsewhere (Faught and Flemming 2008; Geddes 1983; 
Kunzig 2002; Merwin 2002).  Dredge spoil monitoring does not require diving 
skills or specialized equipment beyond that of normal terrestrial archaeology.  
Had the above factors been addressed during the Boston Harbor project the results 
may have been different.  We may have located buried terrestrial sediments and 
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even buried, submerged archaeological sites.  Despite my critique, however, the 
project constituted a good move forward for the study of submerged, pre-Contact 
resources in New England prior to industrial impacts. 
Legal Review 
That survey for pre-Contact resources was required in Boston Harbor 
(Mulholland et al. 2003) and Nantucket Sound (Robinson 2003) was a turning 
point for Massachusetts with regards to compliance with state law.  It remains to 
be seen if other New England states will also comply with the requirements that 
submerged resources be included in survey during proposed impacts to state 
submerged lands.  As outlined in Chapter 5, states have the equivalent of 
ownership to submerged lands out to three nautical miles (3.54 miles).  This 
ensures that submerged resources in state waters need to be considered during 
proposed impacts under the Section 106 process (NHPA) the same as shipwrecks 
and other historic resources.  What is unclear and untested is whether submerged 
resources will ever fall under the Common Law of Salvage or the Common Law 
of Finds as shipwrecks have.  This is the only legal arena in which submerged 
historic resources and pre-Contact resources may differ.  As there are no legal 
precedents to draw from regarding submerged pre-Contact resources, at this point 
it is impossible to definitively permit or deny the application of Salvage Law or 
the Law of Finds.  However, there are salient points in the language of both 
bodies of law that I would argue suggest they should not be applied.   
 Salvage law is clearly intended, as stated in all case law regarding claims, to 
provide for the rescue and return of property in marine peril to the stream of commerce.  
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In addition, in order for a case to be heard in Admiralty court (as all salvage cases would 
be) the subject must have a marine nexus.  In a legal case where a truck hauling a house 
across a frozen lake fell through the ice, and a subsequent salvage claim was made 
against the house, the court ruled there was no Admiralty jurisdiction. 
“In the instant case we do not and cannot find that, prior to breaking 
through the ice and submerging, the house had embarked upon a 
“maritime” adventure.  In other words, circumstances attending the 
placement of property in or upon navigable waters must be considered and 
are decisive when dealing with the question of admiralty jurisdiction and 
salvage.  The fact that certain property may be the proper subject of 
salvage, standing alone, does not confer admiralty jurisdiction upon the 
federal courts.  A nexus with traditional maritime activities must still be 
shown” (Inter alia, Broere v. Two Thousand One Hundred Thirty-Three 
Dollars, 72 F.Supp. 115 [E.D.N.Y.1947]). 
 
 It would be quite a stretch to argue that the entirety of a buried, inundated 
pre-Contact archaeological site originally had a maritime nexus.  A possible 
exception would be Native watercraft.  With regards to returning goods to the 
stream of commerce, all Admiralty cases involving archaeological resources to 
date have been regarding shipwrecks or historic resources with commercial value.  
As reviewed in Chapter 5, salvage awards grant the equivalent of a monetary 
reward for rescuing goods of value, but do not transfer title.  This opens an 
avenue of argument against the application of salvage law to submerged 
resources; ownership and the right to refuse salvage.    
As most submerged resources in New England are likely to be deeply 
buried, states would own sites within the three nautical mile boundary and the 
federal government would own sites out to 12 nautical miles.  In addition, any 
lands in National Parks or Marine Sanctuaries are likewise owned by the federal 
government.  As the New England states and the federal government have 
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declared ownership to all land and anything embedded in it within the territorial 
sea (12 nautical miles), and have expressed that underwater cultural heritage will 
be managed and protected it is highly unlikely that a salvage claim could be 
awarded.   
Traditionally, lost or abandoned property belongs to the landowner if it is 
embedded (Howe 2000).  This would make the law of finds inapplicable within 
the territorial sea as well.  Under current U.S. law, finds outside of the territorial 
sea may not be protected.  However, unlike the cargo periodically found on 
shipwrecks, especially those considered treasure ships, the market for pre-Contact 
artifacts would be limited, and the cost of locating and excavating them would be 
high.  This is rather indirect protection against the application of the law of finds, 
as it would simply not be cost effective to research, locate, and excavate a 
submerged pre-Contact site with profit in mind.  This is in direct opposition to the 
use of salvage and finds by treasure hunters excavating shipwrecks. 
The best protection for unregulated disturbance to potential submerged 
resources outside the territorial sea of the U.S. is to adopt the UNESCO 
Convention on the Protection of the Underwater Heritage.  This is a 
comprehensive document that provides standards and practices for regulating and 
managing underwater archaeological resources that clearly subsumes pre-Contact 
deposits.  As stated in Chapter 5, it includes provisions for applying the 
convention in all underwater contexts; inland, territorial seas, contiguous zones, 
exclusive economic zones, and the high seas.  The Society for Historical 
Archaeology and the Advisory Council on Underwater Archaeology has 
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identified the Convention as a “best practices document, even in areas where 
ratification is unlikely” (SHA 2001).  The Society for American Archaeology, the 
professional organization that is the best fit for the study of submerged resources, 
has no information available on their website on underwater resources, nor do 
they show any connection to UNESCO’s Convention.  This is an unfortunate 
example of the state of professional apathy toward submerged resources.  Action 
by the SAA and its members would undoubtedly push state and federal regulators 
towards compliance with the reviewed laws that require survey for submerged 
resources during proposed impacts, and would encourage and support academic 
and private research. 
Action by the professional archaeological community and increased 
compliance by regulatory agencies may well produce precedents of engagement 
with submerged resource research and survey.  By establishing a practice of 
including submerged resources into CRM projects and research agendas it is 
possible that these practices will become customary and expected.  If the U.S. 
does not adopt UNESCO’s Convention, or follow in the spirit of the convention 
by enacting legislation that addresses underwater resources outside the territorial 
limit, establishing a custom may act as legal precedent. 
Current Research 
Closely following the drafting of this dissertation I completed a survey of Salem 
Harbor in Salem, Massachusetts, that revealed conclusive evidence of intact terrestrial 
sediment and a horizon that may be associated with an archaeological deposit (Lynch et 
al. 2009).  The survey consisted of a CRM Phase 1a remote sensing reconnaissance, a 
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Phase 1b survey, and a Phase 2 site examination of a portion of Salem Harbor under 
contract with Bourne Consulting Engineering of Franklin, Massachusetts, and conducted 
for the City of Salem.  The archaeological Phase 1a sub bottom profiler results had 
revealed a layer at approximately 2 m (6.6 ft) below the sea floor that I hypothesized 
could be a buried, organic horizon based on the lack of penetration by the sub bottom 
profiler.  I recommended that Phase 1b vibratory cores be used to test the buried layer to 
investigate whether or not it was an organic horizon that may contain embedded pre-
Contact archaeological sites.  The topography of the submerged project area: the degree 
of slope, slope orientation, proximity to a water source, proximity to subsistence 
resources and proximity to known Native American sites were all consistent with a 
predictive model of high archaeological sensitivity.  Four Phase 1b vibratory cores were 
collected to investigate the buried horizon.  These four cores were placed in a linear 
transect perpendicular to the shoreline beginning 50 m (164 ft) from MLLW and 
continuing at 50 m (164 ft)  intervals into Salem Harbor.   
 Analysis of the four Phase 1b cores revealed buried terrestrial sediment at 50 m 
(164 ft) from MLLW (mean lower low water) and a potential pre-Contact archaeological 
deposit, also with buried terrestrial sediment, at 100 m (328 ft) from MLLW.  
Subsequently, I recommended twenty nine Phase 2 vibratory cores to be used to 
investigate the buried terrestrial sediment at 10 m (33 ft) intervals from the shoreline out 
to 150 m (492 ft) following the same transect employed in the Phase 1b reconnaissance 
(Figure  51).   The potential pre-Contact archaeological deposit located 100 m (328 ft) 
from the shoreline was more closely investigated by bracketing the Phase 1b core 
location with vibratory cores at 5 m (16 ft) intervals. 
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Phase 1b vibratory cores T50 and T100 had recovered terrestrial sediment 
preserved under marine deposits (Figure 51).  Additionally, T100 contained charred seed, 
charcoal and laminated shell hash embedded in a silty deposit overlying a buried organic 
land surface.  This deposit may be anthropogenic in origin, and initiated the Phase 2 
testing.  The complete analysis of the Phase 2 vibratory core sediments, and the flora and 
fauna recovered from them, has not yet been completed.  However, the visual 
examination of the Phase 2 vibratory cores has been finalized.  In total, five cores from 
Salem Harbor revealed a buried, organic land surface with associated aeolian deposits 
and charcoal inclusions as exemplified by vibratory core T105 L2 in Figure 52.  
Additionally, eight cores revealed thinly laminated, oxidized, fresh water deposits 
consistent with a low energy environment, such as a pond, as exemplified by vibratory 
core T10 in Figure 53.  The fresh water deposits were located closest to the modern 
shoreline and extend from core T20i through T50 (Figure 51).  The buried, organic 
deposits occurred in cores T60, T70, T95 L, T100, and T105 L2 adjacent to the edge of 
this fresh water body (Figure 51).   
The remaining vibratory cores surrounding those with organic deposits contained 
marine sediment that was similar, or identical, to the marine sediment overlying the 
buried, organic horizons in the five cores listed.  This is likely indicative of these 
vibratory cores not penetrating deeply enough to encounter the buried organic horizon.  
No conclusive evidence of pre-Contact occupation, such as lithic debitage or intact 
features, was immediately visible in the vibratory cores collected during the Phase 1b or 
Phase 2 testing in Salem Harbor.  The buried organic layers, and the sediments above and  
below them are being processed through flotation.  
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Figure 52.  Vibratory core T105 L2 with buried, terrestrial organic horizon and 
aeolian sediments underlying and overlying marine deposits (Lynch et al. in press).
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Figure 53.  Vibratory core T10 with potential buried, terrestrial aeolian sediments and 
fresh water deposits underlying marine sediment (Lynch et al. in press). 
  179
Charcoal and burned seeds were visible in these deposits and may be indicative of 
a nearby archaeological site.  The parameters of CRM are such that these proxy 
indicators are not considered significant archaeological deposits, as the evidence of 
burning may be natural.  As a result, there is no more testing recommended for Salem 
Harbor.  The sediment history of Salem Harbor revealed in the vibratory cores, however, 
stands as an excellent example of the need for submerged pre-Contact research to become 
commonplace in New England.  The presence of charcoal and burned seeds also provides 
intact evidence of terrestrial burn activity, be it natural or cultural.  These deposits were 
in place and exposed long enough to develop, and burn, yet were not destroyed by 
transgression.   
The Salem Harbor project will benefit future research into submerged landforms 
and archaeological sites in meaningful ways.  In general, the evidence of buried, intact, 
terrestrial deposits adjacent to the modern shoreline substantiate that transgression has 
not destroyed all paleo landforms.  More specifically, the methodology employed in 
Salem Harbor produced a wealth of information.  Unlike the Boston Harbor project, or 
the testing undertaken by Coleman and McBride (2008), a significant number of 
vibratory cores were used to span the proposed impact area at close intervals.  By doing 
so I was able to reveal sedimentary details that may have gone unnoticed at greater 
intervals.  The boundaries of a body of low energy, fresh water were clearly delineated.   
It has not yet been established whether the organic horizons were salt mash peat or 
exposed, terrestrial A-horizons or both.  It is possible that both horizons exist; with a land 
surface adjacent to a fresh water source, and accessible for human occupation, predating 
a salt marsh that developed as the sea level rose. 
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The evidence of burning is also interesting.  While I could not, in good faith, 
recommend further testing to be paid for by the city, based on material that may be 
natural in origin, the area deserves further study.  The topography slopes gently away 
from the area where the buried organic horizons were recorded toward the center of the 
harbor.  This change in elevation, coupled with the similarity of the marine deposits in 
the cores that had buried organic horizons and those that extended further into the harbor 
which did not, suggests that the buried organic horizon is deeper as one moves further 
from the shoreline.  If this is the case, then returning to collect more data after the area 
has been dredged and the marine overburden removed may bear evidence of the buried 
organic horizon over a wider area.  Archaeological deposits associated with the organic 
horizon, suggested by the presence of charcoal and charred seeds, may also be present.   
Ideally, I would like to return to Salem Harbor after the proposed dredging and 
development has been completed.  The vibratory core lengths proposed for the Phase 2 
testing were to be 12 ft below mean low water (MLW), as the proposed extent of 
dredging was 11 ft below MLW.  If 11 ft of marine sediment is removed from the area of 
the harbor where the vibratory cores revealed only marine deposits, it is likely that the 
buried organic horizon would be very close to the dredged sea bed.  Less overburden 
would allow for larger diameter box cores to be used to test the sediment.  Also, if 
archaeological deposits were located, hand excavation could be employed to carefully 
examine the deposits.  This work should be supported by funding that is not development 
driven, such as the National Science Foundation or NOAA’s Office of Ocean Exploration 
and Research, as it would give me the opportunity to test beyond the boundaries and 
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depths of the proposed development impact.  Salem Harbor may yet reveal an intact, pre-
Contact archaeological site. 
Conclusion 
 The intention of this dissertation is to demonstrate the existence and 
accessibility of submerged, pre-Contact archaeological deposits, to introduce 
methodologies that are applicable to surveying New England’s submerged 
environment, to present a case study designed explicitly to locate submerged 
resources, and to provide a toolkit that highlights legal obligations and ethical 
consideration.  Submerged resources that have been recorded and excavated 
archaeologically outside of New England were summarized in order to overcome 
skepticism and lay the foundation for research in New England.  The use of sea 
level data has been introduced as being integral in understanding the process of 
transgression, and of predicting the location of archaeological sites.  The 
problems inherent in sea level data history and application, however, have also 
been presented.  The geophysical models of transgressive and post-transgressive 
sediment distribution and the resultant erosion or retention of coastal features has 
been reviewed.  The hypothetical model states that coastal features are most likely 
preserved on the outer continental shelf, in deep water and far from land.  The 
shallow water sites on the inner continental shelf, and in inland waters in multiple 
locations throughout the world refute a universal application of this model.  The 
common terrestrial predictive model has been shown to be effective in locating 
submerged resources in Florida and Denmark.  However its sole application in the 
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process of locating submerged resources is questioned given the lack of any 
extant Pleistocene and Early Holocene coastal sites due to inundation. 
Clearly, there is work to be done refining both archaeological and 
geophysical models relating to the underwater environment.  We don’t know 
enough yet about the submerged paleoenvironment to conclusively apply current 
models.  Therefore we should not be exclusively using these models to infer the 
presence or absence of submerged resources.  It has become common practice for 
archaeologists to use geological models and data to assist them in understanding 
both the modern and the paleoenvironment.  This can, and should, be a two way 
street.  Underwater, pre-Contact archaeological surveys need to become standard 
procedures during offshore development projects, which in turn will likely inform 
and refine any geophysical interpretations of those areas. 
The majority of offshore geophysical research is driven by industry.  The 
majority of offshore archaeological research will likely be driven by law.  These 
are not mutually exclusive.  Compliance with state and federal laws and 
international convention with regards to archaeological resources will benefit both 
disciplines.  This will, however, require changing the way business is currently 
conducted.  Archaeologists need to included from the beginning in offshore 
geophysical surveys, especially those that impact bottom sediments.  By 
combining knowledge, resources and each other’s understanding of the 
paleoenvironment the small-scale topography most likely to yield evidence of 
human occupation pre-sea level rise will undoubtedly emerge.   Such discoveries 
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promise to contribute greatly to our understanding of the colonization, settlement 
and habitation of New England. 
This dissertation has shown that archaeological resources present on the 
landscape prior to Holocene sea level rise exist and are within the reach of 
archaeologists.   Multiple projects worldwide, including those undertaken in New 
England, have been concluded without the need for specialized dive training.  
Many sites are in shallow, coastal waters, making them particularly accessible.  
The best methodological applications for submerged resource survey are widely 
used geophysical techniques already commonly employed in many research and 
industrial endeavors.  In short, submerged resource study needs to become 
common practice for archaeologists.  As in law, forming a custom takes place by 
executing actions that become common and consistent.  The archaeological 
community and the archaeological record of New England can only benefit by 
extending current standards and practices underwater.  
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